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ON TO CHICAGO 


Plan now to meet your fellow teachers of science and mathe- 
matics at the Edgewater Beach Hotel in Chicago on November 
28 and 29 at the Annual Convention of C.A.S.M.T. Take a 
look at the program of the general sessions. Percy L. Julian 
of the Glidden Company, Chicago, will speak on ‘“Today’s 
Science and Our Basic Philosophies.” Dr. Julian has received 
praise from scientists all over the world for his research dis- 
coveries. He is a former teacher and now a director of research 
for an industrial firm. One of his recent discoveries is a new 
process for isolating and preparing commercially soybean pro- 
tein. He is a distinguished orator who is much in demand. 

When Professor Samuel K. Allison, Director of the Institute 
of Nuclear Studies, University of Chicago, learned of our need 
for a speaker to discuss the peace time use of atomic energy, 
he agreed to accept the assignment himself. He is an outstand- 
ing scientist and an excellent speaker. Raleigh Schorling of the 
University of Michigan represents the mathematics teachers 
at the general sessions. During the war and since that time 
Mr. Schorling has served on most of the major committees 
concerned with the teaching of science and mathematics. He 
has served as chairman of several of them and has made his 
influence felt throughout the country. Dr. Andrew C. Ivy, 
Vice-President of the University of Illinois, in charge of the 
Professional Schools at Chicago, will discuss “Some Ethical 
Implications of Science.’”’ Dr. Ivy was the chief expert witness 
for the prosecution before the American military tribunal that 
convicted and sentenced seven Nazi physicians. Recently he 
was awarded the gold key of the American Congress of Physical 
Medicine for his research studies. 
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Don’t you agree that our members have a treat in store? If 
you examine the section programs, you will find them just as 
interesting. Section Officers and Association members have as- 
sembled outstanding talent to discuss timely topics. See the 
October issue of this JoURNAL for more details on the program. 
Consult the ‘‘Yearbook” for the complete program. It will be 
mailed to all members about November Ist. 

By popular request from members, the officers have ar- 
ranged for both a Luncheon and Banquet meeting on Friday. 
Radio Corporation of America is furnishing the luncheon pro- 
gram in the famed Marine Dining Room, and Westinghouse 
Electric Corporation is furnishing the evening program at the 
banquet. For Saturday afternoon a local trip committee has 
arranged for a special lecture-demonstration at the Adler 
Planetarium for our members and also for conducted tours at 
the Museum of Science and Industry. 

Hotel rooms are still very scarce. Make your reservations now 
by_ writing directly to: Mr. John L. Nelson, Reservation Office, 
Edgewater Beach Hotel, Chicago, Illinois, and mention the 
Central Association. 

GrEorGE E. Hawkins, President 





J. C. FITTERER 


Prof. J. C. Fitterer of the Mathematics Department of the 
Colorado School of Mines at Golden, Colorado died after a 
short illness on March 12, 1947. He has been an enthusiastic 
reader of this journal since 1932 and a member of the Central 
Association of Science and Mathematics Teachers for the past 
few years. 


HYBRID TREES HASTEN REFORESTATION WORK 


Hybrid trees may bring about faster reforestation. It takes hybrid trees 
only from one-half to one-third the time required for a good nonhybrid 
timber tree to reach the same size, U. S. Department of Agriculture scien- 
tists have found. 

Already a hybrid pine has been developed that at three years is more 
than twice as high and three times as heavy as the better of its two parents. 
It will take years to make use of the development, but a new era in refor- 
estation is beginning. 

















CARE OF PETS IN THE ELEMENTARY 
SCIENCE CLASSROOM 


GRACE CURRY 
Cleveland Museum of Natural History, Cleveland, Ohio 


In a recent article we tried to present the educational value 
of having live pets in the elementary classroom. Even though 
we are convinced of their value in the science program, the very 
practical problem of their care arises. 

The teacher has two objectives in solving this problem. One is 
to make the care function as part of the child’s educational 
development, and the other is to make it as easy for herself as 
possible, so that it will not be just one more burden in an already 
crowded school day. In addition, of course, the animal’s com- 
fort and health should also be given consideration. 

It is impossible to give a definite set of rules for keeping pets, 
as every school has its own specific physical facilities, financial 
resources, and teacher personnel. The following ideas are sug- 
gestions and methods that have worked in some places, but each 
teacher will have to adapt them to her own situation. 

To get some very practical first-hand ideas from a real school- 
room situation, I visited Miss Lucille Richmond, a teacher at 
Union School in Cleveland. Union School is typical of the school 
buildings constructed in the early part of the century and is 
located in the heart of the industrial part of the city. In spite of 
a lack of modern equipment, Miss Richmond has kept success- 
fully more pets than any other teacher in Cleveland. Her equip- 
ment is inexpensive. Many of the cages are rather crude ones 
made by the children, but for that reason they take real pride 
in them. The school has the advanatge of having the science 
room opening off the home room so that the animals have a 
special place. Miss Richmond enjoys animals herself, and a 
visitor immediately sees that her enthusiasm is reflected in the 
children. 

I noticed that all the cages were clean and that there was no 
odor. When I asked Miss Richmond how she organized the 
children to perform the necessary duties of cleaning cages and 
feeding the animals, she told me that no child is forced to care 
for the animals. It is on an entirely voluntary basis, and each 
committee functions for two weeks. The committee comes in 
early in the morning in order to finish before the opening of 
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school. They immediately spread down a newspaper in front of 
each cage. The refuse from the cage is placed in the paper, rolled 
up, and put into the waste basket. The cages are washed if 
necessary and fresh bedding material or paper put in. A brush 
and dust pan are handy to sweep up any material that may have 
fallen on the floor. The waste basket is then taken to the base- 
ment so that no odor remains in the room. The committee 
members also prepare the animals’ food for the day. 

Since the committees are rotated often enough, Miss Rich- 
mond never finds the children tiring of their work. There are 
very few children who do not participate in the care of the 
animals. The ones who at first do not volunteer soon learn that 
the others have the real fun with the animals so they soon are 
doing their share. This well-organized plan of pupil care has 
relieved the teacher of the actual work and is developing group 
cooperation and individual responsibility in the children. 

Miss Kichmond’s children have kept skunks, opossums, guin- 
ea pigs, white mice, sparrow hawks, ‘doves, parakeets, turtles, 
snakes, lizards, frogs, toads, salamanders, goldfish, grasshop- 
pers, and crickets. The guinea pig was the most popular with 
the children because it was so “cuddly.”’ 

Besides most of the animals Miss Richmond has had, I have 
also had a baby fox, a raccoon, fox squirrels, flying squirrels, 
rabbits, a barn owl, and a crow. I found that the children could 
play with the skunks and the flying squirrels quite safely. But, 
after the first fear is overcome, snakes become the most popular 
pets of all. ““May I hold the snake?” is the question I have had 
asked most frequently. 

Of course, the first problem with any pet is providing proper 
housing. The type of cage will depend largely on the ability of 
the school to finance the equipment. Size is an important factor 
and depends largely on the animal. A raccoon is active and re- 
quires space for movement. Skunks and guinea pigs need less 
room. 

Children can make crude, but usable cages by stretching 
window screening ,wire mesh, or chicken wire over a frame of the 
right size. An opening must be provided to make cleaning pos- 
sible. In some types the top of the cage is a lid which can be 
raised. In taller cages a door may be built in. A squirrel needs a 
tree branch to climb on, and birds need perches. In some rooms 
the cage will stand on the floor and in others it may be on the 
science shelf. Some times fathers are willing to contribute their 
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carpentry ability to building a good cage for the classroom. Some 
schools may find manual training departments willing to build 
cages. 

Since I have to do my own cleaning, I have become very con- 
scious of the problems involved. Some of the Museum staff 
planned a cage to help solve some of these problems. The accom- 
panying drawing shows the results. This cage may be too ex- 
pensive for many schools, but it may serve to give ideas which 








can be modified to suit individual needs. Some of the advantages 
are obvious. Since the cage is built on legs, it is not necessary to 
stoop to clean it or to feed the animals. It is high enough for the 
children to see the animals from any part of the room. Casters 
make it easy to move. The removable metal tray facilitates the 
cleaning. This feature is desirable in any animal cage. Some of 
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the science supply companies have on sale smaller all-metal 
cages with a removable tray. These are very satisfactory for the 
smaller mammals. 

For mammals, bedding material should be provided. Baled 
straw serves the purpose and is not expensive. Rural communi- 
ties may have access to hay which will cost nothing. Paper on 
the floor of some cages may be satisfactory for some birds and 
a few mammals, but many of them will tear the paper in shreds. 

Glass or porcelain food containers are good because they are 
easily washed. The large heavy containers bought at pet stores 
and labeled “dog” are good for water as they are not easily up- 
set by the animals. 

The children can plan to share the responsibility for bringing 
food for the pets. They should make a study of what kinds of 
food are right for the particular animal in the room at the time. 
If they know that a certain type of pet will be brought to their 
room, they should get this information before the animal comes. 
It is well to have a special cupboard or at least a metal can in 
which to keep the food, which varies with the type of animal. 
Carnivorous or omnivorous mammals seem to thrive very well 
on a good dog food for their regular diet. This may be sup- 
plemented by table scraps or other food which the children may 
bring, provided the diet is kept balanced. Frequently, some 
classroom pets are fed too many starchy foods. On the other 
hand, rabbits are usually given too many greens. Rodents, like 
the squirrels, need nuts, sunflower seeds, grain, oatmeal, apples, 
and carrots or other raw vegetables. 

Hawks and owls require meat. Mice, of course, are best and 
at times children may be successful in catching them. Horse 
meat has proven very satisfactory for my barn owl and sparrow 
hawk. I usually buy about four pounds and cut it in pieces the 
size required for one feeding. I wrap a day’s ration in wax paper 
and put all the packages in the freezing compartment of the 
refrigerator. I bring one package to the Museum each day. 

Snakes are the easiest pets to care for. Their cages require 
only occasional cleaning. Small pebbles make a good foundation 
for the cage. Snakes should have water at all times, but, being 
cold-blooded animals, they do not need daily feeding. In the 
winter they can easily go two or three months without food. 
Pilot black snakes and others with similar food habits need live 
mice. These may be purchased at a pet shop or raised for the 
purpose. Garter snakes prefer toads and frogs, but in the winter 
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may take meal worms which are bought at pet shops. Water 
snakes will usually take small fish. Frequently snakes will not 
eat in captivity and must be force fed. This means that their 
jaws must be forced apart and meat pushed down their throats. 
A pencil makes a good “‘pusher’’. 

Toads do well in a terrarium. Because a frog needs more water 
than a toatl, a terrarium with a pond at one end makes an ideal 
home. The ‘“‘pond”’ is easily made with a shallow pyrex dish sunk 
in the soil. Horned toads need a desert type of terrarium that is 
dry and warm. All of these animals may be fed meal worms. 

The problem of expense for feeding the animals may arise. 
Some teachers assume this expense themselves, but if the ani- 
mals are a part of the educational program it would seem that 
the expenses should be met in other ways. In some schools the 
children may be willing to share the expense and at times bring 
“left-overs” from home. Some school principals may feel justi- 
fied in using money from the school funds for this project, or 
the money raised from some school activity may be used for this 
purpose. 

The different classes may develop ways of sharing their pets 
with the other classes in the building, and in that way the entire 
school will benefit. 


Nore: The above suggestions are very general and may not answer your 
specific questions. If you have a question, send it to Grace Curry, Cleve- 
land Museum of Natural History, 2717 Euclid Avenue, Cleveland 15, 
Ohio. An answer will be forthcoming if possible. 

A very useful book for the teacher who needs to have at hand the essen- 
tial information concerning the housing, feeding, and other items of care of 
animals in the schoolroom is The Book of Wild Pets, by Clifford B. Moore, 
publisher, G. P. Putnam’s Sons. The book is divided inco five major sec- 
tions: The Aquarium, Terraria and Their Small Animal Inhabitants, In- 
sects and Spiders as Pets, Mammals, and Birds. Illustrations, diagrams, 
and charts add to the usefulness of the book. While the text is written for 
the layman, the material is authentic. When he wrote The Book of Wild 
Pets, Mr. Moore was the biologist in charge of the trailside museum at 
Springfield, Massachusetts. 

ANNA E. BuRGESS 





DR. HENRY NORRIS RUSSELL APPOINTED TO 
HARVARD POST 


Dr. Henry Norris Russell, who served as director of the Princeton 
University Observatory for 35 years before his retirement July 1, has been 
appointed a research associate at the Harvard College Observatory. 

Dr. Russell for many years has been a member of the Harvard Overseers 
Committee to visit the Harvard Observatory and department of astron- 
omy. 








LET’S EXAMINE OUR TESTS 


E. B. CHRISMAN 
John R. Rogers High School, Spokane, Washington 


We would all agree that the student should be given oppor- 
tunity to learn from his mistakes on a test. But how often is he 
permitted to review a section of material and take another ex- 
amination on it? How often is the teacher willing to listen while 
he explains his interpretation of a question? How many teachers 
will change a grade if the student shows that he has reasoned 
beyond the intended confines of the question and arrived at a 
valid conclusion not anticipated by the questioner? Indeed, how 
many teachers never permit the student to comment on ex- 
amination questions at all? 

Unvarying, group standardized, treatment of individuals is 
not desirable in the learning situation in the classroom. Granted 
that it is proper to recognize individual differences in the learn- 
ing process in order that the student may make more effective 
progress, does it not seem sound to provide opportunity for in- 
dividual expression in the testing program? How can students 
be expected to conform to the same “testing mold” and still 
retain their individuality? A student does not lose his unique 
personality on certain formal occasions at the discretion of the 
teacher. If grades are to hinge upon examinations, and if the 
tests themselves are to serve as tools of learning, then students 
should be permitted the prerogative of interpretation. 

What should be the policy, then, when evaluation of educa- 
tional gain is attempted? There are probably few occasions when 
use is made of any particular testing technique to the exclusion 
of others. But how many teachers consciously try to provide for 
variety of expression on tests? Too frequently test booklets are 
found to use only limited kinds of questions. The true-false, the 
completion, the matching, the multiple-choice, and the problem- 
solving types of questions cover most such testing tools. The 
individual being examined must make the most of his limited 
opportunities to express himself. Varying possibilities of inter- 
pretation of questions is a common test weakness. One result of 
this is that valuable time is frequently wasted through indecision 
as to which answer should be given. Examinations as well as 
the rest of regular class procedure should permit some in- 
dividualized expression. 

A few questions of several different types on every major test 
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can be provided without too much work. In addition to per- 
mitting some variety of individual expression, such tests add a 
touch of color to the process of examination. No one enjoys a 
steady diet of any one thing. Not knowing exactly what to 
expect can be stimulating in and of itself. Test booklets that 
run “true-false,’’ ‘“best-answer,” “matching,” over and over 
again, on every test presented, do little but allow an easy road 
out for the teacher. 

What else could be provided on tests? A brief list of some time 
worn alternatives to the question types mentioned might be 
provocative of additions: 

1. The “set up, but do not solve” type of problem requires all 
necessary reasoning processes, but does not waste time on 
mechanical operations, which are often time consuming. 

2. The law, or principle stating type of question, requires 
either rote memory or sufficient understanding to make 
the statement in the words of the student. 

3. The ‘make a line drawing” type of question can frequently 
be used quite as effectively as many other types of ques- 
tions. Simple drawings to be completed by the student can 
be quite revealing. 

4. Brief essay questions, requiring only a sentence or two in 
answer, are not difficult to check, and allow the individual 
to qualify his answer if he sees fit. 

Probably the straight essay type of question is not used 

sufficiently, either from the standpoint of development of 

writing ability, or from that of providing for individual 
expression. 

6. Word or number association questions provide variety. In 
physics for instance, with no suggestive list from which to 
choose, associations may be required for a list of numbers 
such as 64; 39.37; 2.2; .433; 62.4; 32.16; 1087; 453.59; 88; 
273; 212. Degree of comprehension shows up readily 
enough in partial answers which the student provides as 
associations. 

. The “‘what is wrong” type of question holds possibilities 
seldom explored by the busy teacher. Equations, drawings, 
formulas, or statements can be used as a basis for testing 
analysis and insight. 

The purpose of testing should be given frequent consideration. 
Should we be as concerned as we are with duplication of life 
situations—i.e., group comparison, and “branding,” and 
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elimination through competition? Or should emphasis be upon 
course content in relation to our environment, and an attempt 
to provide well sharpened educational tools? Sight certainly 
need not be lost of the “whole child” in the examining process. 
The testing program, being an integral part of educational ex- 
perience, should be as carefully planned and administered as the 
rest. 

Use made of test results bears constant questioning. Test 
scores should not be lumped together as a total raw score, and 
recorded as such in the one and only grade book. If a test is 
worth the time it takes to construct, it is worthy of being re- 
corded piecemeal. Problems, true false, completion, essay, draw- 
ing questions, etc., all should be recorded separately. Record 
sheets can be provided easily to facilitate score keeping. Obvi- 
ously enough, remedial direction, counseling, conferences with 
parents, and final grading, can be much more effective if there 
is ready access to such diagnostic data. 

Tests can be made more interesting than they sometimes are 
through a little variety of structure and administration. They 
can be made more meaningful through correlation with im- 
mediate environment and experiences. They can be con- 
structed to allow for some individual expression and interpreta- 
tion on each one. And finally, they can be made more useful 
through piecemeal recording. 

Should we not frequently ask ourselves “Is the school set up 
as an institution of hurdles, designed to eliminate the weak, or is 
it a democratic aid to the total growth of each particular in- 
dividual?” Just because college tests, entrance examinations, 
and other such qualifying analyses, permit no student recourse, 
is little reason why the high school should do likewise. Slow 
students should not be stopped from learning simply because 
they are slow. Not that everybody should pass all courses, how- 
ever. Rather that everyone should have all the time available 
within the semester to learn specified course content. Not all can 
succeed, even then. 





Non-skid mat, designed particularly for home or factory workers who 
stand long periods at table or bench, has both upper and lower surfaces 
covered with hundreds of quarter-inch-high rubber cones. It cushions the 
feet, protects from damp floors and prevents shocks from static electricity. 








GEOMETRIC SOLUTIONS OF 
QUADRATIC EQUATIONS 


WALTER H. CARNAHAN 
Purdue University, LaFayette, Indiana 


It is frequently asserted that Euclid and other ancient Greek 
mathematicians solved quadratic equations geometrically. This 
is a statement that no mathematician of Euclid’s day would 
have made, and, made in the twentieth century, it carries a 
meaning that Euclid and his contemporaries would not have 
understood. 

Quadratic equations, as we understand the expression, belong 
to algebra, and Greek mathematicians before the time of Dio- 
phantus were not algebraists; they were geometers with some 
interest in number theory. When Euclid spoke of a quantity, 
the meaning he characteristically had in mind was a line seg- 
ment. When he talked of the product of two quantities, he usu- 
ally meant the area of a geometric figure. Generally he drew the 
lines, rectangles, squares and other figures which his quantities 
represented. He established many relations among the linear 
and area quantities, but did not generalize these relations as 
existing among quantities that are not geometric in the manner 
that we imply when we write algebraic equations. Before com- 
menting further on this distinction in meanings, let us present 
Euclid’s demonstration of Proposition 11 Book II of The Ele- 
ments. The translation is by T. L. Heath. 


PROPOSITION 11 


To cut a given line so that the rectangle contained by the whole 
and one of the segments is equal to the square on the remaining 
segment. 

Let AB be the given line; thus it is required to cut AB so 
that the rectangle contained by the whole and one of the seg- 
ments is equal to the square on the remaining segment. 

For let the square ABCD be described on AB; let AC be 
bisected at the point Z, and let BE be joined; let CA be drawn 
through to F, and let EF be made equal to BE; let the square 
FH be described on AF, and let GH be drawn through to K. 

I say that AB has been cut at H so as to make the rectangle 
contained by AB, BH equal to the square on AH. 

For, since the straight line AC has been bisected at E, and FA 
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is added to it, the rectangle contained by CF, FA together with 
the square on A E is equal to the square on EF. 

But EF is equal to EB; therefore the rectangle CF, FA to- 
gether with the square on AE is equal to the square on EB. 
But the squares on BA, AE are equal to the square on EB, for 
the angle at A is right: therefore the rectangle CF, FA together 
with the square on AE is equal to the squares BA, AE. Let the 
square on AE be subtracted from each; therefore the rectangle 
CF, FA which remains is equal to the square on AB. 

Now the rectangle CF, FA is FK, for AF is equal to FG; 
and the square on AB is AD; therefore FK is equal to AD. Let 
AK be subtracted from each; therefore FH which remains is 
equal to HD, and HD is the rectangle AB, BH, for AB is equal 
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to BD; and FH is the square on AH; therefore the rectangle 
contained by AB, BH is equal to the square on HA; therefore 
the given straight line AB has been cut at H so as to make the 
rectangle contained by AH, BH equal to the square on HA. 
Q. E. F. 

Let us represent the length of the given line in Euclid’s prop- 
osition by a and the length of AH by x. The relations which 
Euclid has established can now be represented by the equation 
a(a—x) =x*, but to assert that Euclid here solves a quadratic 
equation, as Heath does assert, is to attribute to Euclid an 
achievement which he would never have claimed. In the first 
place, there was no algebraic equation to be solved, only a geo- 
metric condition to be met; and in the second place, the solution 
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at which Euclid arrives is interpreted to apply only to lines and 
areas, not to all quantities, as in algebra we interpret them to 
apply. 

In contrast with the geometrically minded Greeks, the mathe- 
maticians of old Arabia were algebraists. They approached 
algebra directly and used geometry merely as a means of clari- 
fying algebraic processes. This statement can be illustrated by 
the method employed by Alkhowarizmi to solve the equation 
x*+10x=39. As a means of finding a root of this equation 
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Alkhowarizmi drew a figure like that here given. A square is 
drawn having each side equal to x. This is bordered by four rec- 
tangles having sides x and 2} (equals one fourth the coefficient 
of x in the given equation). In the four corners of this figure are 
four squares whose combined area is 25 (equals 4 X[23]*). The 
combined areas of the central squares and the four rectangles is 
39 as given by the equation. The combined areas of the five 
squares and the four rectangles is 39+25 =64. Hence the side of 
the large square is 8. It follows that x+2}+23 =8, or x+5=8, 
and x=3. 

We may briefly outline the application of this method to the 
solution of an equation in which the coefficient of the variable 
is negative. Our illustration is not taken from Alkhowarizmi. 
Let it be required to find a root of the equation x*7—x=2. Draw 
a square (see Fig. 3) each side of which is x. In this draw lines 
making rectangles whose sides are x and 3} (equals one fourth the 
coefficient of x). There are thus formed four corner squares the 
area of each of which is 1/16. From the figure we see that 
x? —4(4x)+4(4)?=2°—x+} is the area of the central square. 


pe et Re ee ee 











690 SCHOOL SCIENCE AND MATHEMATICS 


From the equation we have x*—x=2, so x?—x+}=2}, or 
x—=14, whence x=2. 

Note that in the above solutions we use only the positive root, 
as was done by the Arabs. The Greek and Arabic geometric 
methods are not adapted to finding negative roots. 
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A very great difference between the Greek and the Arabic 
geometric solutions is obvious. Euclid’s construction gives the 
exact length of the line which we designated by x, but in the 
Arabic solution a square is drawn whose side is represented by 
x but when the drawing is made there is no way of knowing the 
length of this side; to repeat, the Arabic figure is merely an 
illustration, and it was not intended to be more than this. 

Every student of mathematics soon becomes aware of the 
very real difference between two expressions, the square on 
x and square of x. Euclid, being by nature a geometer, dealt 
with the square on AB or the rectangle contained by AB, CD, 
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If we adopt the algebraic rather then the geometric meaning of 
such quantities as x, a, b, bx, and b?, the geometric construction 
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of the root of a quadratic equation is somewhat simplified. The 
preceding sentence may appear to be a contradiction in terms, 
but what is intended is to deal with lines and the products of 
their measures as quantities without showing the squares and 
rectangles which Euclid would have regarded as essential. 

Consider the construction, Fig. 4. Angle TAB and angle 
ACO are right angles. AT =CO and AC=CB. A circle is drawn 
with center at O tangent to AT and intersecting AB at D and 
E. It is readily seen that AD=EB. Since AT is a tangent and 
AE is a secant, ADXAE=(AT)?, Suppose OC is to be a con- 
stant whose length is represented by 6. (1) If AB is a known 
length equal to a and AD is an unknown length x, then 
x=ADXAE=(AT)? becomes x(a—x) =). (2) If DE is a known 
length @ and AD is an unknown length x, then ADXAE= 
(AT)? becomes x(a+x) =b*. (3) If DE is a known length a and 
AE is an unknown length x, then ADXAE=(AT)* becomes x 
(x—a) =b’. 

Constructions based upon each of the three preceding hypoth- 
eses are elementary, being reducible to the construction of a 
right triangle having two sides given. Consequently the figure 
gives means for finding geometrically roots of the quadratic 
equations ax—a?=6?, ax+2?=b? and x?—ax=0b". Of course b 
(or a) can be irrational so that b? can be any positive quantity. 

A simple geometric construction of the roots of a quadratic 
equation is given by L. E. Dickson. Let x?—ax+b=0 be the 
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equation. Construct a rectangle CBDQ having BD =a and DQ = 
b—1 and circumscribe a circle. Extend CB to O and QD to T 
making BO=DT=1. Draw OT intersecting the circle at V and 
M. Then ON and OM are the roots of the quadratic equation. 
Dickson’s demonstration consists in assuming OC and OT as 
axes of coordinates and writing the equation of the circle. This 


equation is 
a\? b+1\? a\? b—1\? 
(-Jole-*2) GPC) 
2 2 2 2 


If y=0, this equation becomes x?—ax+6=0 which is our orig- 
inal quadratic equation. In other words, the circle intersects the 
x-axis at points whose abscissas are the roots of the equation. 
That the abscissas are properly related to the constants of the 
given equation is thus shown: OC=b, DT =OB=1, BN=DM. 
Triangle BON is congruent to triangle DTM.OM+ON =a, and 
OM XON =OC XOB=bX1=b. Since the sum of ON and OM 
is a and the product is b, therefore OM and ON are the roots of 
the equation. 

It will be observed that besides the lengths a and } Dickson 
assumes a unit length BO. Of course, Dickson’s method of proof 
of his construction cannot be used in a first or second course in 
high school algebra because some knowledge of analytic geom- 
etry is required to set-up the equation of the circle. This 
method also makes use of the elementary theory of equations. 

The question naturally arises as to modifications of geometric 
solutions when either a or d is 0. As preparation for a very brief 
discussion of these special cases we write the three equations 
solved above in the forms x?—ax+0?=0, x*+ax—0?=0 and 
x*—ax—b?=0. If a=0, it is algebraically obvious that x=) 
except in the first equation where no real value of x exists if b is 
real. The geometric solutions are equally obvious. If )=0, it is 
obvious, both geometrically and algebraically, that «=0 or 
x =a in the first and third equations. Limiting ourselves, as did 
the ancients, to positive roots, no solution is possible for 
x*+ax—b?=0, b=0, a>0. 

Of course, if an algebraic equation of the form rx?+sx+/=0 
is to be solved geometrically, the first step is to divide by r, thus 
reducing the equation to one of the three forms solved above. 
It will be noted that the form x?+ax+b?=0(a>0, b6>0) does 
not appear among those subject to geometric solution. The 
reason is obvious. 














THE VOCABULARY OF CHEMISTRY 
Part II 


GEORGE W. MUHLEMAN 
University of Florida, Gainesville, Florida 


There is one chemical dictionary written by Hachk and one 
of applied chemistry by Thorpe which may be found in all 
departmental chemical libraries. Hachk’s dictionary presumes 
to cover the nomenclature in chemistry, physics, astrophysics, 
minerology, pharmacy, agriculture and biology. There are 
seven volumes of Thorpe’s dictionary, but the pages are written 
more like an encyclopedia than a dictionary. Words have a habit 
of changing their meaning and in this way reflect the change of 
thought and habits of life. This necessitates revision of text 
books and revision of methods of teaching. It implies that the 
chemistry teacher needs the technique of the language teacher 
with an unbelievably large vocabulary at his command. In fact, 
the problem of teaching vocabulary in chemistry is greater and 
more difficult than teaching the technique of either mathematics 
or physics. In organic ehcmistry I have at times assigned the 
preparation of a list of the new words encountered in each 
chapter with a definition of their meaning. I have felt that each 
new chapter in a chemistry text book, like each new chapter 
in either a French, a German or an Italian grammar, should have 
a vocabulary or glossary to aid the student in comprehending 
and interpreting the teaching of the chapter assignment. In 
another project I prepared the vocabulary for students in gen- 
eral chemistry in each chapter, not only in English, but also in 
the French and in the German. The hope and expectation was 
to prevail upon the teachers of those languages to introduce 
courses in chemical French and chemical German during the 
freshman year. This idea has been put in practice at Purdue 
University and in other like institutions. 

It may be interesting to inqure as to the size of a vocabulary 
which a student who majors in chemistry is expected to acquire 
during his four years of undergraduate study. The answer to 
this question may receive an approximate answer by a critical 
study of the index in different textbooks. I have selected five 
of our texts in general chemistry. In Sneed’s General Chemistry 
the index shows approximately 2640 words; In McPherson and 
Henderson, 3010; in Babor and Lehrman, 3250; in Deming’s 
Introductory General Chemistry, 2565; in Schlessinger’s, 3200. 
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The vocabulary of nomenclature in analytical chemistry, i.e. 
qualitative and quantitative analysis, will approximate 1000. 

In organic chemistry the nomenclature averages between 
3000 and 4000 words. Gattermann’s organic preparations aver- 
ages about 1000. Physical chemistry will average about 1300. 
Physiological chemistry, which I regard as a finishing or review 
course for all the chemistry studied in the undergraduate college, 
tops the list with over 4000 words. 

This array of numbers seems to suggest that a student during 
his four years of undergraduate study in chemistry alone must 
grapple with a vocabulary aggregating approximately 10,000 
words. I hardly need to make mention of the fact that very 
many of the scientific terms have meanings which are very in- 
volved, such as equilibrium, hydrogen ion concentration, oxi- 
dation and reduction, hydrogenation, hydrolysis, electrovalent, 
covalent and the many theories, living and dead. In addition, 
if the student has ambitions to continue his studies in the gradu- 
ate school and takes on the burden of acquiring a reading know]l- 
edge of French and German, he will need to acquaint himself 
with about 4000 technical terms in German and a like number of 
terms in French. Furthermore, if one takes into account vocabu- 
laries which he must acquire in other studies, then must we who 
teach realize the burden of achievement expected of our youth 
of this modern age. To learn a vocabulary either in a language 
or a science requires a vast amount of practice or drill. In 
the language courses offered by the Government to men in 
uniform during the last World War it was demonstrated that a 
language could be acquired in a very short period of time, if a 
vast amount of time was devoted to practice in both writing and 
speaking. When we stop to consider the meager portion of time 
we devote in class to drill on vocabulary and equation writing 
in our courses in chemistry, it is little wonder that students in 
particular, and mankind in general, find the field of science a 
formidable field to conquer. Yet in spite of this difficult situation 
text books are becoming more voluminous while the preparation 
of our high school students is becoming less and less adequate 
for the quests which we expect them to make. Students shrink 
from all language study. At the University of Florida I find a 
deplorable lack of interest in language study on the part of 
students. The lack of high school training in mathematics is also 
a serious handicap for the teacher of chemistry. In time of war 
this lack of training threatens to become a national disaster. 
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In this paper two words have been used, vocabulary and no- 
menclature. Vocabulary is the general term and includes the 
number of words used in speaking and writing in any language. 
Nomenclature is a specific term and applies to the conventions of 
a science as the Geneva system of naming organic compounds. 
In teaching general chemistry or organic chemistry it is often 
found helpful to stress nomenclature by teaching word deriva- 
tion. Some authors, but not many, have under nomenclature 
in the index page many references to nomenclature. I find this 
very helpful in the study and the teaching of the conventions of 
a science. Out of 8 textbooks examined in general chemistry, 
only 3 used the term nomenclature in the index. Out of 12, in 
organic chemistry which I examined, six made no use at all of a 
nomenclature classification. 

I am stressing nomenclature because of its importance in 
the classification of knowledge in any science, as well as its use 
in describing natural phenomena. To start with we make a gen- 
eral classification of chemistry into inorganic chemistry and 
organic chemistry. But the basis for this division is stated dif- 
ferently by both inorganic chemistry and organic chemistry 
authors. The modern division of chemistry into inorganic and 
organic is based upon the fact that carbon is the one essential 
constituent in all organic compounds. But some authors class 
all carbonates, cyanagin and ammonium cyanate as inorganic 
compounds. One author states that the great achievement by 
Wohler in 1828 was to demonstrate that an organic compound 
could be synthesized from an inorganic compound. There is 
always a borderline in any classification and the borderline be- 
tween inorganic and organic chemistry lies in the compounds 
CO, CO, H2CO;. The advantage of this distinction is thus pri- 
marily didactic. Science does not have many loose terms but 
authors are not always careful in the use of chaste chemical 
phraseology. It is true that the term organic chemistry may be 
classed as a misnomer due to the fact that in its earliest meaning 
it was thought to involve a vital force in the formation of com- 
pounds of carbon. The term oxygen is also a misnomer, meaning 
in the original acid former. The German equivalent is ‘‘sauer- 
stoff.’’ Carbohydrate is also a misnomer, implying that all com- 
pounds containing the constituents hydrogen and oxygen in the 
ratio of 2:1 are to come under one classification. Fermentation 
in its original meaning referred to chemical changes resulting 
in the evolution of a gas. The terms oxidation and reduction are 
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terms which are very misleading and should be displaced by terms 
that more nearly suggest the electron theory. This is an out- 
standing case of using a pattern of classification which is con- 
fusing to the mind of the beginner in general chemistry and 
which belongs to a primitive method of classification. To teach 
from the beginning the formation of electrovalent or covalent 
compounds by the transfer or the sharing of electrons would 
simplify the learning process. 

The two terms very badly or incorrectly taught to chemistry 
students are calorie and percentage. The definition given by 
students generally for calorie reads, ‘‘A calorie is the amount 
of heat required to raise one gram of water one degree.” If you 
require the student to give you the mathematical concept of 
percentage you will find that he makes no distinction between 
percentage, common fractions and decimal fractions. The stu- 
dent will reduce a common fraction to a decimal fraction (or a 
ratio to a decimal fraction) and state that he has determined a 
percentage relationship. If we are agreed that one of the im- 
portant goals of all science teaching is to point out and to learn 
relationships or make classifications, then we are compelled to 
teach common proportions. Students and even some college 
professors have a very vague idea as to the meaning of percent- 
age by volume or percentage by weight. Several years ago I was 
so annoyed by the many mis-statements from students when I 
asked them to define “calorie” that I wrote to the Bureau of 
Standards for the accepted definition. I quote his reply: ‘“The 
calorie has been defined in a great variety of ways, none of which 
has up to the present acquired the status of the standard. The 
calorie was originally defined in terms of the heat capacity of 
water. Of the numerous possible calories, the 15° calorie (0° to 
100°) was much used. Another type of definition is now coming 
into use. In The International Critical Tables, the equivalent of 
the 15° calorie is given as 4.185. Joules. This was originally an 
experimental constant, but it may be considered as the definition 
of a calorie. In most of the recent thermochemical work done in 
this country, the calorie has been defined as 4.185 Joules, which 
is equivalent to 4.1833 International Joules. Another definition 
of the same type was sponsored by the International Steam 
Table Conference in 1929. This definition is one calorie equals 
1 international watt hour/860.”’ 

It is quite generally conceded that classical scholars assigned 
names to many of our chemical elements. As was pointed out 
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earlier in this paper, few students who elect chemistry as a 
major have had adequate training in language other than the 
American language. As to training in Greek or Latin, the num- 
ber is almost nil. Therefore, when you attempt to teach a stu- 
dent with no language background that Na is the symbol for 
sodium, Ag the symbol for silver, Au for gold, K for potassium, 
Pb for lead, you find you have to impose the task of pure memo- 
rizing. To add to this confusion you expose the student to the 
names of multitudinous compounds derived from the Greek and 
the Latin. It is incumbent upon the teacher of chemistry to 
spend a great deal of time in teaching word derivation. After he 
has done his utmost he is conscious of the fact that he has 
wasted his effort hopelessly. In most cases because he has no 
background on which to build. The only thing that I see that 
has been done to remedy this situation is to slaughter the in- 
nocents by the thousands by issuing “‘flunks.”’ 

In this paper I have stated a problem which is common to all 
teachers and authors but I have not produced a solution. I have 
found nothing in current literature dealing with this specific 
problem or its solution. Probably all teachers in all fields are 
grappling with the same situation. 





WORLD’S FIRST COMMERCIAL PRODUCTION OF 
SYNTHETIC VITAMIN A ANNOUNCED 


The world’s first commercial production of synthetic vitamin A was 
announced here today by Distillation Products, Inc., of Rochester, N. Y. 

The announcement was made in a paper presented by Dr. James G. 
Baxter before the American Chemical Society’s fall meeting in the Hotel 
Pennsylvania. 

“This discovery should help bring vitamin A in high purity within the 
the reach of all who need it,” R. W. Albright, the company’s general 
manager, said in an explanatory statement to the press. 

Vitamin A is essential for proper growth and vision. Hitherto the only 
commercial source of vitamin A has been the oil extracted from the livers 
of such fish as the cod, dogfish, and soupfin shark. 

“The supply of vitamin A from fish is highly uncertain but the new 
product does not have such a limitation,” Albright pointed out. “Vitamin 
A was the first vitamin to be discovered but it is the last major vitamin to 
be synthesized.” 

In explaining the new product, Dr. K. C. D. Hickman, director of re- 
search of the company, emphasized that the successful synthesis resulted 
from teamwork by the group of six researchers. 

“Production of the synthetic vitamin A is now proceeding in a ‘pilot 
plant’ and samples soon will be available for test purposes. The company 
does not wish at present to discuss how the synthesis is done or what 
materials are used,” Albright said. The product will carry the trade mark 
“Myvax.” 
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THE CALIBRATION OF LABORATORY 
INSTRUMENTS 


SHELDON S. MyYERs 
Western State High School, Kalamazoo, Michigan 


There are quite a number of instruments used in a wide va- 
riety of scientific laboratories that require calibration before 
they can be put to use in analytical work. By ‘‘calibration”’ is 
meant the correlation of instrument readings with the units of 
the quantity the instrument is supposed to be measuring. More 
specifically, this might mean the correlation of thermocouple 
millivolts with degrees Centigrade, photofluorometer readings 
with vitamin units, colorimeter readings with grams sugar, or 
standard colored tubes correlated with known ph (hydrogen 
ion) concentrations for the purpose of measuring acidity. 

The basic mathematical ideas underlying these cases of cali- 
bration involve the use of known standards, the plotting of the 
instrument readings against the known units of the standards, 
and the construction of a graph or curve between the known 
points, mathematically known as interpolation. The standards 
are reagents of known purity obtainable at chemical supply 
houses. 

It is the belief of the writer that this general procedure can be 
taught and illustrated on the level of secondary science and 
mathematics. Following is a description of one such calibration 
suitable for this purpose. The materials may be obtained fairly 
cheaply from apparatus companies. 


CALIBRATION OF A THERMOCOUPLE 


A thermocouple is an instrument used in metallurgical labo- 
ratories to measure temperatures beyond the range of the or- 
dinary mercurial thermometer. It consists essentially of two dis- 
similar wires, such as the alloys alumel and chromel, twisted 
together at one end and connected to a millivoltmeter or po- 
tentiometer by copper wire from the other two ends. (One volt- 
age instrument must be used consistently before and after 
calibration, since the millivoltmeter readings are somewhat less 
than those of the potentiometer because of the internal resist- 
ance of the circuit.) When the twisted end is placed in a furnace, 
a tiny electrical current is produced, whose electromotive force 
(EMF), or millivoltage, is measured by the voltage instrument. 
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This voltage is called the Seebeck electromotive force.' Some 
high school students may be interested in reading about the 
theory of the thermocouple, but this is not essential in order to 
understand the calibration of the instrument. 

For a chromel-alumel thermocouple, the millivolts produced 
range from about 4 at 100°C. to 52 at 1,300°C. with increments 
of roughly 4 millivolts for each 100 degrees of rise. Although 
these figures are accurately known for a theoretically perfect 
thermocouple, they are far from reliable on a new thermocouple, 
chiefly because of impurities in the thermocouple and because 
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the junctions of the thermocouple with the copper wire leads are 
not held at 0°C. Each new thermocouple must therefore be 
separately calibrated so that its millivolts may be accurately 
converted to temperature readings. 

Several pure, crystalline substances are used, such as tin, lead, 
antimony, and silver. Their freezing (or melting) points are 
known to be as follows: tin (Sn) 232 degrees centigrade, lead 
(Pb) 327 degrees, antimony (Sb) 630 degrees, and silver (Ag) 
960 degrees. It is taught in high school physics that whenever a 
pure crystalline substance, such as water or tin, melts or freezes, 
its temperature remains constant at its melting point until all of 


! For a theoretical discussion of the Seebeck EMF, see Lemon, Harvey Brace and Ference, Michael, 
Jr., Analytical Experimental Physics, Chicago, The University of Chicago Press, 1943, pp. 336-341. 
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the substance has changed state due to the latent heat of fusion. 
This principle is applied here. The first substance, tin, is placed 
in a crucible and heated in a furnace until molten. The thermo- 
couple is placed in the molten tin, which is then allowed to cool 
outside the furnace. Millivolt readings are recorded every min- 
ute. When the millivolt readings remain constant for several 
minutes, the freezing point has been reached. For tin, the milli- 
volt reading at this point would be approximately 9.5, corre- 
sponding to a temperature of 232 degrees Centigrade. For lead, 
the reading would be 13.5 millivolts, corresponding to 327 de- 
grees; for antimony, the reading would be 26 millivolts, corre- 
sponding to 630 degrees, and for silver, 39.6 millivolts, corre- 
sponding to 960 degrees. Some intermediate temperature read- 
ings could be obtained from the boiling points of liquids, such as 
water and sulfur at 100 degrees and 445 degrees respectively, 
but these would have to be corrected for variation from stand- 
ard pressure. 

The above values are now plotted on a graph, the ordinate 
representing millivolts and the abscissa representing degrees 
Centigrade. The straight line drawn between these points is 
called the “‘calibration curve”’ of the thermocouple. The process 
of drawing this curve assumes certain correlations of millivolts 
with temperature between the points and is called “graphic 
interpolation.”” The assumption that a straight line represents 
the calibration curve is tantamount to assuming a linear relation 
between thermocouple millivolts and thermocouple tempera- 
tures. This assumption is accurate for practical purposes up to 
temperatures of around 1,000 degrees Centigrade. The calibra- 
tion curve of other laboratory instruments may not necessarily 
be linear. 

When accurately drawn with India ink on labeled graph 
paper, the calibration curve may be framed and mounted near 
the millivoltmeter or potentiometer for reference whenever the 
thermocouple is used. The accompanying graphs will show how 
the calibration curve is constructed from the cooling curves. The 
actual calibration curve should have longer scales than those 
shown in order to give more refined readings. (The slopes of the 
cooling curves will vary according to the specific properties of 
the substance used.) 





Finally, education alone can conduct us to that enjoyment which is, at 
once best in quality and infinite in quantity Horace MANN. 











THE ORIGINS OF OUR NUMERAL NOTATION* 


CLARA DE MILT 
Newcomb College, Tulane University, New Orleans, Louisiana 


Sigfried Giedion in the foreword of Space, Time and Architec- 
ture says, ‘History is not a compilation of facts but an insight 
into a moving process of life.’”’ I know of no better illustration 
of this statement than the history of the origins of our numeral 
notation. 

The numeral notation now employed by the peoples of West- 
ern Europe and by the peoples stemming from them came into 
widespread use in the seventeenth century, the century of Des- 
cartes, Napier, Stevin, Newton, Leibniz. It has four charac- 
teristics: (1) it is a decimal system; (2) the numbers from one 
through nine are represented by symbols which stand for things 
counted and stand for nothing else; (3) the principle of position 
or location which makes it possible to use only these nine sym- 
bols with the zero to represent any number; (4) a symbol for 
nothing, zero. 

Most histories of mathematics, especially the shorter ones, 
discuss the origin of our notation in a cursory way mentioning 
that so far as its introduction in Western Europe in the twelfth, 
thirteenth and fourteenth centuries is concerned, the notation 
came from the Arabic speaking peoples who in turn had ob- 
tained it from India; hence it is usually denoted as the Hindu- 
Arabic notation. Carl B. Boyer in the summary of an article 
on “Fundamental Steps in the Development of Numeration” 
believes that “‘our system might better be known as the Baby- 
| nian-Egyptian-Greek-Hindu-Arabic”’ system. Just to make 
the picture complete so as to include the forms of the numbers 
I would add after Greek the name Roman. 

The system is a decimal system. Except for the sexagesimal 
system! of the Babylonians, who also used a decimal system, 
a decimal system was adopted by civilized peoples in all parts 
of the world. Hence one is forced to conclude that its origin is 
related to a fundamental characteristic of man, for each normal 
member of the genus homo sapiens has ten fingers and ten toes. 
"8h padeh teal at the December meeting of the Mathematical Club of Tulane University. 

1In the sexagesimal system the numbers above the units which extend from one to fifty-nine are 
arranged according to the powers of sixty. Sexagesimal fractions were used by the Greeks in astronomi- 
cal calculations. The circumference of the circle was divided into 360 parts. This system appears fully 


developed in Ptolemy’s ‘‘Almagest.” Its origin may be accounted for in prehistoric man’s estimation 
of the number of days in a year as 360. 
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It would be a mistake, however, to assume that because of its 
universal adoption in ancient times and by the peoples of today 
that it is therefore the most logical and convenient system, an 
assumption often made today by those who would extend the 
decimal system to the measurement of length, mass, etc., in 
the English speaking world. It may be the most logical, but there 
are those who argue that a system based on the number twelve 
would be more convenient since twelve is divisible by three 
and four. 

The principle of position or local value was used by the Baby- 
lonians and Egyptians who also employed the repetitive and 
additive principles. The number 324 was written by the Baby- 
lonians and Egyptians with three symbols for 100 followed on 
the right by two symbols for 10 and four unit marks. The 
classical civilizations of Greece and Rome developed systems 
based on Egyptian hieroglyphics, introducing however some 
slight modifications. Like the Babylonians the Greeks and 
Romans used a special sign for five. The method of repeating 
signs became basic. The Romans used also the subtractive prin- 
ciple, writing IX instead of VIIII. Large numbers written in 
the Attic system and in the Roman system were neither easy to 
write nor to read. 

The Ionian Greeks, centered around the city of Miletus, de- 
vised the most satisfactory system of numeration of the ancient 
world. It is my opinion that the Ionian alphabetic system was 
the foundation stone of the system developed by the Hindus 
sometime after the second century A.D. So far as I know there is 
no direct evidence for this opinion, and because of the diffi- 
culties encountered in fixing within a century or two any ad- 
vance in Hindu mathematics or science there most probably 
never will be any conclusive evidence brought forward either 
for the idea or against it. The origin of the Hindu system will 
probably never be known with certainty. The Ionian system, 
later called the Alexandrian alphabetic notation, used signs for 
numbers, the signs being based on the Greek letters of the alpha- 
bet used in Ionia before the fifth century B.C. The Greeks took 
their alphabet from the Phoenicians, but they did not get this 
idea of using letters to represent numbers from the Phoenicians, 
who like the Egyptians had separate signs for numbers. The 
Phoenician alphabet had twenty-two letters, to which the 
Greeks added some, the vowels. In devising their numerals, the 
Ionians used twenty-seven letters, three groups of nine each: 
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the first nine stood for the units; the next nine for the first 
nine integral multiples of ten; the last nine for the first nine 
integral multiples of one hundred. The earliest date showing the 
use of this system in an inscription is about 450 B.C. 

The fundamental idea of the Ionian system did not originate 
with the Greeks. Their notation was the result of the develop- 
ment of a principle made use of by the Egyptians in their 
hieratic or demotic' numeration’ in which easily written signs 
are used for the units, for integral multiples of ten, one hundred, 
one thousand, ten thousand. This principle rendered unnecessary 
the primitive device of iteration characteristic of other nota- 
tions. The Ionian system was simple and easily learned and used, 
since the signs were already known as the letters of the alphabet. 
Paul Tannery in one of his memoirs published in 1882 states 
that he practised himself in the use of the Ionian system and 
found that he could carry out calculations in it almost as rapidly 
as he could do them in our system. 

It is to be noted that in the alphabetic notation the principle 
of position is not necessary but the Greeks wrote the letters in 
the order which had been adopted in the older systems, placing 
the letter for the largest number to the extreme left, the others 
following in the order of their value. 

The spread of the Ionian notation over the Greek world of 
the Mediterranean Basin was slow. It was officially adopted at 
Alexandria by Ptolemy II, Philadelphus. The letter numerals 
were used most advantageously in inscriptions and on coins 
when the custom arose of writing on coins and monuments the 
year of the reign of the ruler at the time. The Ionian alphabetic 
numerals have been found on coins which have been assigned 
the date 266 B.C. The period immediately following the adop- 
tion of this notation was the golden age of Greek mathematics, 
the age of Archimedes and Apollonius. The alphabetic numerals 
were introduced in Athens sometime before 50 B.C. and by 50 
A.D. they were in official use. 

The numerals from one through nine which we use today are 
derived from the so-called ghubar (also written ghobar and go- 
bar) numerals. Three kinds of ghubar numerals are recognized: 
those used by the western Arabs in Spain in the last half of the 
middle ages from which modern numerals are derived; those 
used by mathematicians writing in Arabic who worked in or 





2 In the mathematical papyri, such as the Rhind, the hieratic notation is used. Hieroglyphics were 
reserved for forma] inscriptions. 
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near Bagdad in the ninth century; those found in Latin manu- 
scripts written in the latter part of the tenth century. The 
numerals used by the eastern Arabs now and since about the 
beginning of the twelfth century must have been derived from 
certain Hindu numerals in use in the period from 900 to 1100 
A.D. They were script numerals employed by peoples trading 
with the Arabs and with the peoples of India, most probably the 
Persians. Authorities seem to differ somewhat as to the exact 
forms of these early Arabic numerals. However a comparison 
of them with our numerals indicates at once that they are not 
like modern numerals. For example, the five looks like our zero 
and the zero is written as a dot. On the other hand all the modifi- 
cations of the ghubar numerals show certain features in common 
and resemble modern numerals. 

The ghubar symbols for 2, 3, 4, 5 are similar to the numerals 
of the Hindu NaAgari script. These forms for 2, 3, 4, 5 are found 
in Buddhist manuscripts and in inscriptions which are dated from 
500 to 800 A.D. This period is antecedent in time to the period 
when the Arabic speaking peoples began to use the Hindu nu- 
meral system. Moreover, there is no zero in these numerals. The 
forms of the Nagari numerals are believed to have been derived 
from the Brahmi script numerals which were in use in India 
probably from about 1000 B.C. Our symbols for 6 and 7 are 
like those of the Brahmi script found in a cave in the Bombay 
area, which writing has been assigned as of the second century 
A.D. 

So far as we know today the oldest European manuscript con- 
taining the ghubar numerals is a Latin manuscript written in 
976 A.D., the so-called Boetius geometry. The author shows in 
his work that he knows nothing of the Hindu system of calcula- 
tion with the numerals. The symbol for zero is missing. The 
numerals are associated with the abacus which was used exten- 
sively by the Romans for purposes of calculation. 

All evidence that I know of seems to point to the develop- 
ment of the ghubar numerals as they are written in the Latin 
manuscripts of the tenth century and as they are written by the 
Arabic peoples in Spain from Hindu numerals brought to Spain 
during the time it was a part of the Roman Empire. There is a 
possibility that the numerals may have arrived in Spain via 
Alexandria, Egypt. They were probably introduced by traders 
from India or by adventurous native Spanish traders who car- 
ried on the business of exchanging merchandise with the coastal 
cities of India and the islands near it. In a recent number of the 








THE ORIGINS OF OUR NUMERAL NOTATION 705 


National Geographic Magazine, Vol. XC, November, 1946 
there is a statement that in the excavation of a fortress in cen- 
tral Ceylon, the historical monument of Sigiriya, 1687 coins 
were found of which all but twelve were Roman or Indo-Roman 
bronze, dating from A.D. 317 to 423. 

Alexander von Humboldt in the second of those most inter- 
esting volumes entitled, Cosmos tells us that the Greek geogra- 
pher Strabo of the Roman Empire who lived in the first part of 
the first century A.D. remarked in his Geography that while in 
Egypt he noted vessels sailing from the port of Nyoshormos on 
the Red Sea to India. Humboldt also says that in the time of 
Marcus Aurelius (A.D. 121-180) the Romans traded and ex- 
changed legates with the rulers of China and India. There would 
seem to be plenty of evidence to show that traders in merchan- 
dise from India might easily have brought the Hindu numerals 
used at that time in the coastal regions of India to the shore 
towns of western Europe. It is highly probable that Boetius 
(A.D. 480-524) knew of them and wrote of their use with an 
abacus in a work that has been lost. 

The earliest Arabic exponent of the Hindu arithmetic with the 
use of the numerals, the principle of position and the zero was 
al-Kwarizmi who wrcte in the first quarter of the ninth century 
(c. 825 A.D.). He is known by the name of his birth place, 
Kwarizm, modern Khiva, a town south of the Aral Sea, now in 
Russian territory. His influence on the development of mathe- 
matical thought is believed to be greater than that of any other 
medieval writer. The word algorist, one who uses Hindu nu- 
merals, is derived from his name. The best exposition of the 
Hindu system was written by al-Birini, a Persian encyclopae- 
dist of the eleventh century. 

The Hindu system was introduced into the Latin world by 
Adelard of Bath, an Englishman, who became an algorist and 
who probably translated al-Kwarizmi’s mathematical treatise 
from Arabic into Latin sometime between 1130 and 1142. In 
1202, Leonardo of Pisa, more often called Fibonacci, published a 
book, Liber Abaci, which gave a complete and systematic ex- 
planation of Hindu numerals. Fibonacci had lived on the Bar- 
bary coast where his father was a commercial agent of Pisa and 
there he had learned Arabic and the methods of calculating with 
Hindu numerals. In using the Arabic word zifr (empty) he 
changed it into the word zephyro, whence our word zero. 
Fibonacci was an excellent mathematician. 

The use of the Hindu numeral system spread slowly. It was 
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not needed in business since only results were recorded and the 
calculations could be quickly and accurately done by means of 
an abacus; there was no social need for the system for the age 
of admiration for statistics was not to begin for several centuries. 
They are not found in the celebrated Alfonsine Tables prepared 
in the latter part of the thirteenth century. It is believed how- 
ever that some practical men of northern Italy used them in 
this century. It might be of interest to mention that in Spain 
during the last part of the medieval period, where both Arabic 
and Latin were written, compilers used the Hindu numerals 
when writing in Arabic, but used the Roman numerals when 
writing in Latin. 

The important features of the Hindu system are the principle 
of position and the use of the zero. These are great inventions. 
Were they original with the Hindus? Very probably not. There 
are records which show that the Alexandrians in writing a 
number like 3223 often wrote it yexy which clearly indicates 
that the position of a numeral signified its value in terms of in- 
tegral multiples of ten. Moreover the Hindus were not the first 
to use a small circle as the symbol for zero. Ptolemy used the 
letter 0 to indicate a blank position in his sexagesimal system. 
The use of a special symbol for a blank position in a number goes 
back to the Babylonians who needed such a symbol in their 
astronomical calculations. If the principle of position and the 
use of a dot or small circle for the zero were independently 
thought out by Hindu mathematicians sometime following the 
beginning of the second century B.C., as is claimed by Datta 
and Singh in their History of Hindu Mathematics (p. 87), then it 
must be admitted that these mathematicians constitute the least 
observant and most narrowly circumscribed intellectual group 
of the ancient civilized world, for in the six centuries following 
the beginning of the third century B.C. they must have come in 
contact over and over again with the Ionian-Alexandrian sys- 
tem of notation. Datta and Singh state that the earliest use of 
the principle of position in a mathematical work occurs in a 
manuscript written about 200 A.D. Even with the Hindus whose 
attitude toward time is so different from ours four hundred 
years seems a long time between the appearance of a mathe- 
matical idea expressed in a sacred poem and its appearance in a 
work on mathematics. If one accepts the date of the origin of the 
principle of position in India as about 200 B.C. and also accepts 
the statement of Datta and Singh that it was only after 500 A.D. 
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that the use of the principle of position with the zero became 
widespread, it becomes evident that the development of the 
Hindu system extended over a period of seven hundred years. 
Furthermore it might be of interest to note that the century 
following 500 A.D. marks the peak of the development of Hindu 
mathematics. 

So far as we know the first important contact of India with 
Greek civilization was made when Alexander the Great in his 
career of conquest, having traversed ancient Parthia, entered 
what is now northern Afghanistan, crossed the mountains, then 
crossed the Indus River and followed the river to the sea. 
When Alexander died in 323 B.C. his empire was divided among 
three of his generals. Seleucus became the ruler of the eastern 
portion of the empire. The successors of Seleucus, the Seleucids, 
the capital of whose empire was Antioch in Syria, never lost 
sight of one objective, namely, to found cities like those of the 
Mediterranean basin and to spread Hellenism among the con- 
quered peoples. The peak of the military and political power 
of the Seleucids was attained in the second century B.C. at 
which time Menander’s Indian empire reached its greatest size. 
The second century B.C. marks the close of the period of the 
highest development of Greek mathematics; it is the period 
immediately following the work of Apollonius who came to 
Alexandria from Pergamum in Asia Minor; it is the period when 
the Ionian numeration came into official use in Alexandria, the 
coins of the realm being stamped according to this system. 
Alexandria was not only the greatest center of learning in the 
world, but what is more important to this story, it was a thriv- 
ing, cosmopolitan, commercial city with communication by sea 
with India and Ceylon, for at this time a canal connected the 
Pelusiac branch of the Nile River with what is today called the 
Bitter Lakes which empty into the Red Sea. 

It is probable that the principle of position and the idea of a 
symbol for an unfilled place in a number were taken over by the 
Hindus from the Ionian system and from the calculations of 
Babylonian-Alexandrian astronomy with both of which they 
were in contact from the third century B.C. to after 200 A.D. 

What then is the contribution of the Hindu mathematicians? 
It is the logical development of these ideas into a system of 
calculation which is easy to understand, easy to learn and use; 
a system which makes the writing and reading of any number 
an operation of only a few seconds. This was a very, very great 
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contribution not only to the development of arithmetic but also 
to the development of all sciences based on measurement. It is 
a contribution which the mighty Greeks of the third or second 
century B.C. should have made but did not. 


SUMMARY 


1. From its many origins our numeral notation should be 
known as the Babylonian-Egyptian-Greek-Hindu-Arabic- 
Roman system. 

2. The symbols for modern numerals are like the ghubar 
numerals which were derived from certain unknown Hindu nu- 
merals without the zero, and which were introduced into western 
Europe, probably Spain, about the second century A.D. 

3. The Hindu numeral system involving the principle of 
position and the use of the zero, as it was passed on to the Arabic 
speaking peoples in the eight century A.D., was developed in 
India after 200 A.D. 

4, The great contribution of Hindu mathematicians was the 
development of a system of calculation involving only nine num- 
ber symbols, the zero and the principle of position. The ideas 
of the principle of position and the zero were taken over from 
Tonian-Alexandrian mathematics with which Hindu mathe- 
maticians had been in contact for at least four hundred years 
before 200 A.D. 
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Without ideals, without effort, without scholarship, without philosophi- 
cal continuity, there is no such thing as education.—ABRAHAM FLEXNER. 








METHODS OF SOLVING ELEMENTARY 
SYSTEMS OF EQUATIONS IN 
TWO UNKNOWNS 


Joun N. MEIGHAN 
Bowling Green State University, Bowling Green, Ohio 


Elementary systems in two unknowns are solved in beginning 
algebra courses by presenting special devices. These devices are 
unsatisfactory because (1) they lack completeness in failing to 
show altogether a simpler system that is inconsistent, (2) the 
resulting systems may not be in their simplest forms, (3) con- 
fusion may arise in the grouping of equations to form new sys- 
tems, (4) no reason for a device may be given. 

By considering two equations such as x+y—3=0 and 
2x—3y+4=0 the concept of a linear combination can be in- 
troduced. Let uw=x+y—3 and v=2x—3y+4. Then u+hz, 
where & is an arbitrary constant, is a linear combination of u 
and v. The equation «+kv=0 will be satisfied by every pair of 
values that satisfies ~=0 and v=0. And every pair of values 
that satisfies w=0 and u+kv=0 must satisfy »=0. Or, every 
pair of values that satisfies v=0 and u+kv=0 must satisfy 
u=(0. Hence the system 


u=0 
v=0 
may be replaced by 
u=0 
u+kv=0 
or, by the system 
v=0 
u+kv=0. 


And this holds for equations of higher degree. 

The graph of u+kv=0 goes through all the points of inter- 
section of w=0 and v=0 and cannot meet either of them in any 
other point. The line (x+y—3+(2x—3y+4)=0 is shown in 
Fig. 1 going through the intersection of x+y—3=0 and 
2x—3y+4=0, k having been given the value 1. 
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A typical example of the method used in algebra texts! for 
solving the system 


23+ y3 = 999 (1) 
x+y=3 (2) 
is the following: Divide (1) by (2), 
2—xy+ y = 333. (3) 
Square (2), 
x2+2xy+y?=9, (4) 











Fic. 1 
Subtract (4) from (3), 
— 3xy = 324 
—xy = 108. 
Add (3) and (5), 
v—2eyt+y’=441. - (6) 


Take the square root of (6), 


~ 


x—y=+21. ( 


1 College Algebra, Rouse. 
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Combining (2) and (7) there result the two cases 
x+y=3 xr+y=3 
x—y=21 x—-y=-—21. 

Use of the linear combination 
(x3-+-y8 — 999) — 333(a+y—3) =0, 

which can be written 

(x+y) [x*—xy+y*—333]=0 

has the advantage of showing that the resulting additional 

system 
x+y=3 
x+y=0 


is inconsistent. 
As another example’® the system 


+ 3xy=28 (1) 
xy+4y’=8 (2) 
is solved by the special device of “eliminating the constant.” 
Multiply (1) by 2: 2x?+ 6xy = 56. (3) 
Multiply (2) by 7: 7xy+ 28y? = 56 (4) 
Subtract, (3) —(4): 2x*—xy—28y?=0; or, 
(2x+7y)(x—4y) =0. (5) 


To solve (1) (2), (2) (5) may now be solved. This system is 
equivalent to the following simpler systems: 

xyt+4y’=8, xy+4y? =8, (6) 
2x+7y=0. x—4y=0. 


And it is stated that instead of using (2) in (6), (1) could equally 
well have been used. Use of linear combinations is not restric- 
tive, however. Thus, 

2(x?+ 3xy— 28) —7(xy+4y?— 8) =0 
and 

(x?+ 3xy— 28) +(xy+4y?—8) =0, 


2 College Mathematics, Hart, Wilson and Tracy. 
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give the simpler systems: 


x+2y—6=0 
2x+7y=0 
x+2y—6=0 
x—4y=0 
fet2yt+6=0 
L 2x+7y=0 
x+2y+6=0 
x—4y=0. 
Y 























Fic. 2 


The confusion in grouping equations to form equivalent 
systems is eliminated when linear combinations are used, for 
graphical illustrations can be given. Thus, in the above example, 
one could see that it would be redundant to solve (5) with both 
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(1) and with (2) since (5) must go through all the intersections 
of (1) and (2) and meet them in no points which are not inter- 
sections (see Fig. 2). 

When all terms involving the variables are of the second 
degree a system such as 





e—xy+y=; (1) 
+ 2xy=5 (2) 
is solved® by letting 
x=wy. (3) 
Substituting in (1) and (2) 
wy’ —wy + =< (4) 
wy? + 2wy? = 5. (5) 
Solving (4) and (5) for y’, 
3 
formers) is 
yo (7) 
w+ 2w 
Equating the values of y? given by (6) and (7), 
5 3 
‘w+ 2w z wie ty 
Clearing of fractions, there results 
2w?—11w+5=0 (8) 


which has the roots 5, and 3. Substituting 5 for w in (6). 


’ 1 
ict 
Hence 
1 1 
=——- or --= 
z V7 Vi 
Since x =wy, the value of x to go with 
1 5 
yu 1S Bo © 
V7 Vi 


3 College Algebra, Ford. 
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Similarly, when y= —1/\/7, x= —5/¥V/7. 
Likewise the solutions (1, 2) and (—1, —2) are obtained. 

On the other hand, since all the terms involving the variables 
are of the second degree, a linear combination can always be 
found which is reducible and gives the multipliers, w, at once. 
Thus, 


5(x?— xy+ y? — 3) —3(x?+ 2xy—5) =0 


is reducible by the quadratic formula to x=5y and x=}y. As 
explained above, these lines go through the intersections of the 
curves of equations (1) and (2) and meet the curves in no other 
points. 


THE QUIZ SECTION 


JuLIus SUMNER MILLER 
Dillard University, New Orleans 19, Louisiana 


1. Two drops of mercury coalesce to form a larger drop. Is there a change 
of temperature? 

2. How does the period of a pendulum change if the pendulum is length- 
ened by 1 percent? 

3. A horizontal board is moved up and down with simple harmonic 
motion of period 0.5 second. What is the maximum amplitude possible in 
order that a weight placed on the board may not be jerked off? 

4. If this same board (#3) were moved horizontally with simple harmonic 
motion, travelling through a distance of 30 inches and making 15 trips 
(complete oscillations) per minute, find the least coefficient of friction in 
order that the weight may not slip. 

5. If the earth’s mass be taken as 6 X10” tons, and we assume 10° tons 
of snow and ice to melt at the North Pole and to move to latitude 45°, 
how much change would there be in the length of the day? 

6. A spool of thread lies on the table. By pulling on the thread properly 
the spool can be moved either toward or away from the “puller.’’ Explain. 

7. Consider two identical iron rods. One is magnetized, the other is not. 
How can you determine which is which without any apparatus whatsoever? 
NOTE TO READERS: A number of readers have been good enough to 
give me their opinions on this QUIZ SECTION. In general, it appears that 
the problem-query type is preferred. The Editor would be happy to receive 
other comments. 

The following submitted solutions to the problems in the April issue: 
Hugo Brandt, Chicago; Roy Hatch, East Northfield, Mass.; Robert 
Brooks, Chicago, F. L. Maxwell, Greer, South Carolina; Robert Shaw, 
New York. 





Prismatic street lamp puts 40% more light on the roadway than earlier 
types, it is claimed. Because of the many prisms which comprise the glass 
globe, the light is directed in two broad beams up and down the street. 

















BLOOD TYPING AND BLOOD INHERITANCE 
USING STUDENTS AND PARENTS AS 
SUBJECTS FOR DEMONSTRATION 


EUGENE W. Gross 
Newark Colleges of Rutgers University, Newark, N. J. 


ESTELLE LABA 
The Barringer Evening High School, Newark, N. J. 


During the fall and spring terms of 1946-47 the authors per- 
formed a series of tests to determine the blood types of students 
and parents. These experiments were performed at the Bar- 
ringer Evening High School, Newark, N. J. In the spring term 
of 1948 they will be repeated for the General Science students 
attending the Newark Colleges of Rutgers University. The re- 
sults achieved convince the authors that a new experiment of 
vital and contemporary interest can be added to the list suitable 
for high school and college biology classes. 


A. APPLICATIONS 


There are several situations for which this simple but timely 
demonstration is pertinent. Primarily it is meant for high school 
and college biology students. Since, however, it illustrates the 
principles involved in the determination of non-paternity suits, 
this demonstration is also suitable for pre-law students in the 
social science classes. 


B. OBJECTIVES 


The authors believe that a number of purposes can be served 
by this series of experiments. The following list will suggest the 
widespread interest as well as the educational motivation that 
may be realized. 

1. To observe blood cells in the suspended and in the clumped 
state. 

2. To learn the blood types of several students and their par- 
ents, thereby stimulating interest in the physiology of the hu- 
man body. 

3. To evoke parental interest in school activities. 

4. To show that blood type is inherited according to certain 
well founded principles. This objective can be emphasized in the 
unit on inheritance. 

5. To show that blood transfusions cannot be performed in- 
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discriminately but that successful transfusions depend upon a 
knowledge of blood grouping. 

6. To teach a lesson in racial tolerance, i.e., that all races of 
mankind have the same blood types and the same blood chem- 
istry. 

7. To suggest to college students the principle that underlies 
the performance of blood tests in suits involving disputed pa- 
ternity. 


C. UNDERLYING PRINCIPLES OF BLOOD GROUP 
CLASSIFICATION 


According to Landsteiner,! there are four distinct blood 





af fg] Rawal 
Fic. 1. Negative reaction (no agglutination) on left. Positive reaction 
(showing intense agglutination of the red cells) on right. From Alexander 
S. Wiener’s Blood Groups and Blood Transfusions. Courtesy Charles C 
Thomas, Publisher, Springfield, Illinois. 


groups among the people of the world. These he designated A, 
B, AB, and O. The determination of these groups depends upon 
the presence of certain chemical substances both in the red 
blood cells and in the plasma (de-fibrinated plasma is called 
serum). The presence of these two chemical groups, the one in 
the red blood cells and the other within the bathing plasma, may 
cause clumping of the cells when whole blood from a person in 
one blood group is mixed with the plasma of a person in another 
group. See fig. 1. The occurrence of such clumping or aggluti- 


1 Karl Landsteiner, an Austrian scientist, was awarded the Nobel Prize in 1930 for his research in 
blood grouping. 
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nation is actually the basis for world blood group classification 
and for blood typing, a preliminary process used by technicians 
to determine appropriate donors for a blood transfusion. The 
significant facts are these. 

Among other components, red blood cells contain chemical 
substances called antigens. The particular antigens which com- 
mand our attention are the agglutinogens. These substances, 
never isolated and, therefore, without chemical formula, are 
nevertheless identifiable by their reaction with specific sera. 
Depending upon the presence or absence of two particular ag- 
glutinogens, A and B, in the red blood cells, Landsteiner es- 
tablished four blood groups among members of the human race, 
—A, B, AB, and O. The O group has red cells lacking in ag- 
glutinogens A and B. The incidence of these four groups in the 
world population is shown in table 1. 


TABLE 1. BLoop Group FREQUENCIES 





Prevalence in 





Group | World Population 
A | 42% 
B | 10% 
AB 3% 
0 | 45% 





The plasma or liquid portion of the blood holds other chemi- 
cal substances, the antibodies. Among these is a group desig- 
nated as the agglutinins. Reactions between the agglutinins in 
the plasma and the agglutinogens in the red blood corpuscles 
may cause clumping of the cells when blood from two persons is 
mixed. This event is called agglutination. 

According to Landsteiner’s concept, a person’s plasma holds 
agglutinins for which there is no corresponding agglutinogen in 
the red blood cells. For example, the plasma of a group B indi- 
vidual contains only agglutinin a (Anti-A); the plasma of a 
group A individual holds agglutinin b (Anti-B). Study of table 
2 shows the four red blood cell groups according to their ag- 
glutinogen content with their corresponding plasma agglutinin 
content. We must note that small letters stand for plasma content 
and that capital letters designate the blood cell content and, there- 
fore, the blood group. 

Now, when whole blood donated by an individual in group A 
is mixed with the plasma of a group B recipient, the donor’s 
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red blood cells clump. Why? Simply because the plasma of our 
group B recipient contains agglutinin a (Anti-A) which clumps 
the red cells of the group A donor with their content of ag- 
glutinogen A. Conversely, a donor’s blood cells in the group B 


TABLE 2. BLoop COMPONENTS 





Cells May Contain Antigen Serum May Contain Anti- 





or Agglutinogen | body or Agglutinin 
A b 
B a 
A and B none 


O a and b 





category are agglutinated when mixed with the plasma of a re- 
cipient who belongs in the group A bracket. Here, obviously, 
we have a “conflict” between agglutinogen content B in the 
donor’s cells and agglutinin content b (Anti-B) in the group A 
recipient’s plasma. Clumping of the donor’s corpuscles follows. 

A logical question: now arises. Why don’t the recipient’s cor- 
puscles likewise clump. Naturally, if equal volumes of blood 
were mixed there would be a mutual clumping of blood cells. 
But in transfusions we must consider the dilution factor. For 
the volume of the donor’s blood plasma is so small compared 
with the volume of the recipient’s blood, and the dilution of 
donor agglutinins is so effective, that the extent of clumping 
suffered by the recipient’s blood cells is negligible. In other 
words, the donor’s blood cells and the recipient’s plasma are “im- 
portant.’ The reverse consideration is unimportant because of 


TABLE 3. BLoop TYPING 





Serum of Group 











= 
O A B | AB 

Cells ee —— - 

Containing Agglutinin 

| aandb | b a et 
O | es a - A 
A + _ + _ 
B + + - — 
AB + aa + oa 





+ denotes agglutination peneia 
— denotes absence of agglutination. 
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dilution of the donor’s blood. In the matter of blood trans- 
fusions, it’s the possible clumping of the donor’s cells and not 
the recipient’s that must command our attention. 

Table 3 shows all the possible reactions between the four 
types of red blood cells, O, A, B, and AB, and the four types of 
plasma, ab, b, a, and o. An examination of this table as well as 
an appreciation of the dilution factor make intelligible the ‘pos- 
sible transfusions’ shown in table 4. We can readily see that O is 
a universal donor, and that AB is a universal recipient. 


TABLE 4. PosstBLE TRANSFUSIONS 











Donor Group | Possible Recipients demasiaias eile 
A A, AB B, O 
B B, AB A, O 
AB AB A, B, O 
O A, B, O, AB nothing 








D. CLASSROOM TECHNIQUE FOR DETERMINING 
STUDENT’s BLoop Group 


The technique is very simple. All that is needed besides a 
microscope and several glass slides are a needle, a wax pencil, 
test tubes, a glass rod, 2 pipettes, grain alcohol, saline solution, 
and samples of serum agglutinin a and b. Serum is de-fibrinated 
plasma. The a and b sera can be obtained from any local hospital 
since these specimens must be on hand in order to perform 
transfusions. Hospital authorities are usually glad to co-operate 
with schools and colleges in these matters. 

Serum samples are to be used immediately, or if they are to be 
used the following day the samples should be stored in a re- 
frigerator to prevent decomposition by microorganisms. 

Specimens of blood are obtained by first swabbing the stu- 
dent’s finger with alcohol and then jabbing sharply and quickly 
with a sterilized needle. Two or three drops of blood may be 
squeezed out, and these should be transferred to a test tube 
containing a few cc. of a .9% salt solution.? This is done by 
having the student place his finger over the mouth of the test 
tube and then inverting quickly. A cherry-colored suspension of 
red blood cells results. See fig. 1. 





? To make up the saline solution: to 0.9 grams NaCl, add distilled water to a total volume of 100 cc. 
Make up fresh or store in the refrigerator. 
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With a wax pencil, the left end of a glass slide should be 
marked “A” serum (agglutinin b), the right end of the slide, 
“B” serum (agglutinin a). With pipettes, one drop of each serum 
sample is now placed at the appropriate end of the slide, and 
one drop of the unknown cell suspension is mixed with each of 
these sera. A simple means of adding the cells is by transferring 
from the test tube with a glass rod. Serum and cells are stirred. 
Then the rod, wiped with clean, dry rag, may be used for the 
next transfer. The slide is then tilted back and forth for a few 
minutes. 

Although this technique differs from the standard method of 
blood grouping where cells are ‘““washed”’ before being grouped, it 
is still adequate for our purposes. This eliminates the need of a 
centrifuge. 

If the two drops are examined microscopically after 5-10 
minutes, the blood group to which the student belongs may 
readily be determined. (The student should also examine the 
specimens, since this gives him an appreciation for the mor- 
phology and physiology of blood.) Consult table 3; look at fig. 2. 
If neither drop shows clumping, then the blood belongs to 
group O. If the drop on the left, in agglutinin b, shows clumped 
cells, but there is none in agglutinin a, then the blood is in group 
B. Should the cells in agglutinin ‘‘a” clump, but not those in b, 
then the unknown blood belongs in group A. If, however, there 
is clumping in both sera, then the student’s specimen is in 
group AB. 


E. THEORY OF BLoop Group INHERITANCE 


Specific blood groups, like other physical characteristics, are 
transmitted from generation to generation by means of theo- 
retical entities, the genes, lying on chromosomes within the 
germ plasm. According to Bernstein’s* theory, now widely ac- 
cepted, there are three allelomorphic genes which determine the 
four blood groups. The two genes for blood group lie on the 
same loci, in an identical pair of chromosomes, in every somatic 
cell, for all peoples in the world’s population. 

One of the three allelomorphic genes determines either the A, 
B, or O group. See fig. 3. Bernstein says that when parental 
genes meet in the zygote, A is dominant over O, and B likewise 
dominates O. The A and B genes, however, are equipotential, 


3 The exact mechanism of heredity was not determined until 1925 when Bernstein solved this prob- 





lem, 
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with neither one dominant or recessive. We can, therefore, have 
only four phenotypic blood groups, A, B, AB, or O, where the 
genotype is OO for the last mentioned group. Table 5 makes 
these relationships clear. Here we see that a group A phenotype 
may actually be either an AA genotype if homozygous, or an 
AO genotype if heterozygous; the group B phenotype may be 
either a BB genotype or a BO genotype. 


Serum A Serum B 
(Anti-B) (Anti-A) 
Blood Group 





Fic. 2. Blood grouping on glass slides. From Alexander S. Wiener’s 
Blood Groups and Blood Transfusions, Courtesy Charles C Thomas, Pub- 
lisher, Springfield, Illinois. 


As to the blood groups that children may inherit through 
their parent’s germ plasm, the possibilities are shown in table 6. 
Now, by examining the two Mendelian crosses represented in 
fig. 4, the “possible offspring” shown opposite combinations 1 
and 7 in table 6 become intelligible. 

Assuming heterozygosity for the blood group phenotypes A, 
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B, AB, and O, all the other Mendelian crosses can be similarly 
worked out for each combination shown in table 6. 


TABLE 5. BERNSTEIN’S THEORY 











Genotype 
Phenotype — —_— 
Homozygous Heterozygous 
AB | AB 
A AA | AO 
B BB BO 
O OO | 








From Alexander S. Wiener’s Blood Groups and Blood Transfusion. Courtesy Charles C Thomas, 
Publisher, Springfield, Illinois. 


TABLE 6. HEREDITY OF THE BLOOD Groups 











Parents Possible Offspring 
1. AXB | A, B, AB, O 
2. AXO A, O 
3. AXA A O 
4. AXAB A, B, AB 
5. BxO B, O 
6. BXB B, O 
7. BXAB A, B, AB 
8. OxO O 
9. OXAB A, B 
10. ABXAB A, B, AB 








In human physiology, of course, homozygous grouping of the 
two allelomorphs will occur with the same regularity as the 
heterozygous arrangement in the early egg and sperm. The 
literature merely suggests the heterozygous arrangement ‘“‘on 
paper” because this permits the greatest variation among off- 
spring and naturally includes the phenotype that would result 
from the homozygous condition. 


F. CLASSROOM TECHNIQUE FOR DETERMINING 
INHERITANCE OF BLOOD GROUPS 


The student is provided with two small test tubes each hold- 
ing a few cc. of the .9% salt solution. One tube is labeled 
“Mother” and the other, ‘“‘Father.”” Using the same technique 
described above, a suspension is made of each parent’s blood. 

After the student returns the specimens to the classroom, ag- 
glutination tests can be run for the two parents and for their 
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student offspring. On determining the three blood groups, the 
instructor can consult table 6 and then make the appropriate 
Mendelian cross on the blackboard to demonstrate how a blood 
group is inherited by offspring from parents. 


Fic. 3. Mechanism of Heredity by Triple Allelomorphs 


A, B, or 0/@ A, B, or 0 





From Alexander S. Wiener’s Blood Groups and Blood Transfusion. Courtesy Charles C Thomas, 
Publisher, Springfield, Illinois. 


In one of a series of tests run by the authors, Mrs. K. be- 
longed to group B, Mr. K. to group O, and the daughter Jane, 
to group B. In another test, Mrs. R. was in group A, Mr. R 
group AB, daughter Rose, group A. From the data on hand, 
Mrs. K. may have been either a BO or BB genotype; similarly, 


Fic. 4. Illustrations of Law of Segregation. 


(1) AXB 
Assuming heterozygosity, 
P; AO x BO 
Gametes A O B O 
Possible F; 
Genotypes AB AO BO OO 
Phenotypes AB A B O 
(2) BXAB 
Assuming heterozygosity, 
P; BO x AB 
Gametes B -O A B 
Possible F, 
Genotypes AB BB AO BO 
Phenotypes AB B A B 


Mrs. R. may have been either an AO or AA genotype. In the 
case of each maternal parent in these two tests, either the 
homozygous or heterozygous arrangement of genes could have 
produced the blood group observed in the offspring. 


G. OBJECTIVES REALIZED 


The first five objectives, mentioned above, can be realized 
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from the context of the paper. The last two objectives, on re- 
flection, must be obvious to a biologist. Certainly, the objective 
dealing with racial tolerance should be brought to the attention 
of students. As Dunn and Dobzhansky of Columbia University 
have pointed out, the fact that the four blood groups occur in 
the same approximate proportion among all races of mankind 
indicates that human beings, regardless of race, color, and na- 
tionality, have been ‘‘drawn from a common pool.” All races of 
men, apparently, have sprung from the same common ancestors. 
Since the blood chemistry of the several human races seemingly 
is identical then, contrary to popular prejudice, ‘‘blood”’ cer- 
tainly does not determine ‘‘race.”” And a white person who re- 
fuses transfused blood from a member of one of the colored 
races on the ground that his own blood will be “tainted’”’ has no 
scientific basis whatever for his thinking. 

The last objective, that dealing with the use of agglutination 
tests in cases of disputed paternity, can be grasped by studying 
table 6. Obviously, such tests are negative in their character. 
They can only rule out an alleged parent; they cannot prove 
paternity. 
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TEN EVENTFUL YEARS 


“Ten Eventful Years,” the Encyclopaedia Britannica’s definitive new 
history of mankind’s most significant decade—the years 1937 through 1946 
—was published in August. 

The new four-volume work is a detailed history of the last ten years of 
business, science, politics, culture, world affairs, the war and almost every 
other important human activity. It is unique in that it is written largely by 
the very persons most important in the events described, and was com- 
pleted while these events were still fresh in the contributors’ minds. 

Eight hundred of the most prominent persons in the world comprise the 
select list of authors of this new four-volume work, which includes 1,500 
articles totaling 3,100,000 words, and is illustrated by 1,300 photographs, 
charts and maps. 

Among the contributors are 23 heads or former heads of countries; au- 
thorities representing 40 different nationalities; a cross-section of the top 
Allied military leadership in World War II; scientists and sociologists: 
philosophers, artists, authors and business executives. 


SLIDE RULE INSTRUCTION FOR STUDENTS 
OF HIGH SCHOOL CHEMISTRY 


Dorr M. SIMER 
Nicholas Senn High School, Chicago, Illinois 


During the war years there was an increased emphasis placed 
upon mathematics and its applications in the field of science. 
As a result the trend toward fewer problems in high school 
chemistry was halted and reversed. In the writer’s classes the 
lack of proficiency with simple arithmetical operations severely 
limited the amount of problem solving which could be done in 
the time available for that phase of chemistry. To remedy this 
situation the use of the slide rule was encouraged for the simple 
divisions and multiplications needed in elementary chemical cal- 
culations. 

The student response was so enthusiastic that every student 
in the writer’s classes is now required to buy a student type slide 
rule and to use it for all of the problem solving during the year 
of chemistry. Instruction is given in the simple operations using 
the C and D scales. During the first three weeks of the semester 
several series of four lessons each are given outside of class, and 
each student must attend one series. Only multiplication and 
division are taught. The lessons are spaced at intervals of four 
or five days, but a mimeographed practice sheet gives the stu- 
dent the opportunity to use his rule daily. The prestige which 
the student gains by using his “slip-stick” in a large study hall 
has in this school served as an incentive for practice. 

The slide rule instruction groups usually number about ten or 
fifteen students. They are handled by the instructor and one 
student assistant. They meet on days that the class does not 
have a double laboratory period. The instruction is non-theo- 
retical and is planned specifically for solving problems of the 
types encountered in high school chemistry. 

For the first lesson a six foot demonstration rule is used. At- 
tention is given only to the C and D scales. These points are 
covered: 

(a) The values of the sub-divisions in each of the three sec- 

tions of the rule are noted. 

(b) With the slide removed, settings and readings of such 

numbers as 1.27, 2.24, and 7.75 are practiced. Approxi- 
mate settings for numbers such as 5.47 are made. 
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#  (c) The handling of such numbers as 
273 and .025 is explained. 

r (d) With 1 on the C scale above 2 on 
the D scale, the hair-line is set on 
various numbers on the C scale and 
the hair-line number on the D scale 
is read. 

(e) Simple multiplications are made 
using small integers, the decimal 
point being disregarded or esti- 
mated. 








| 
shunt! 


} } ae. ST 


| witli 
MULTIPLY - ADD LIGITS | 


5 


The second lesson is largely instruction 
in fixing the decimal point in multiplica- 
tion. Estimation requires more ‘mathe- 
matical sense’ that is possessed by a great 
number of the girls (and boys) who elect a 
year of chemistry. Former students who 
had learned slide rule operation in certain 
army schools brought back the method 
which seemed the most teachable. Deter- 
mining the number of digit places to the 
left of the decimal point is the basis of the 
method. Since extensive use is made of this 
number, it seemed advisable to give it a 
short name. The term “‘ligit’’ was sug- 
gested and adopted. A ligit is defined as a 
digit place to the left of the decimal point. 
Thus 26.575 has two ligits and 3.65 has 
one ligit, while .75 has zero ligits and .054 
has negative one ligit. Negative ligits were 
first pictured by putting a —1 inside each 
zeré of such a number as .—1)C1) 54 to 
show its negative two ligits. 

In simple multiplications, the number of 
ligits in the product is equal to the sum of 
the ligits in the two factors, UNLESS the 
slide extends to the right, in which case it 
is the sum less one. The pupil is required 
to write down the ligit calculation and 
when the extension to the right occurs, a 
small (R) is marked on the problem. Com- 
pleted exercises appear in this form: 


DIVIDE - SUBTRACT LIGITS 


Et csast 
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Problem Ligit calculation 
(1) 8X25=2 becomes 200. (1+2-—3) 
(2) O8X2.5=2 becomes .2 (—1 +1-0) 
(3) 4AX.2 (R)=8 becomes .08 (0+0 —1——1) 


(4) .003.03 (R)=9 becomes .00009 (—2 —1 —1—--—4) 


Practice sheets with numerous two factor multiplications were 
required and the determinations of the decimal points were 
written as above. 

The objectives of lesson three were the mechanics of simple 
division and the fixing of the decimal point in the quotient. 
When the facts involved in multiplication are firmly fixed, this 
lesson is the easiest of the series. Division on the slide rule might 
well be taught before multiplication, but in the writer’s opinion 
the fixing of the decimal point in the product should be learned 
before that in the quotient. 

In division, the number of ligits in the quotient is the number 
of ligits in the dividend less the number of ligits in the divisor, 
UNLESS the slide extends to the right in which case it is the 
difference plus one. ; 

Usually the algebra of subtracting negative numbers must be 
reviewed at this point. But after the first day the student will 
write the ligit computation for 


4.8 
—~ as (1 +2 +1->4) ratherthan 1—(—2)+1-4 
.003 (R) 


In several cases students have used a toy electric wood- 
burning pencil to mark their slide rules as in the figure below, in 
which the position of the slide exposes the proper instructions. 
This scheme may have some value at first, but with a little 
practice the ligit calculation becomes as mechanical as the read- 
ing of the slide rule. 

Since most of the problems in elementary chemistry involve 
a combination of a single division and a single multiplication, 
the fourth and last lesson considers such problems. In such a 
combination as *? X9 the student is asked to perform the di- 
vision first and then the multiplication, reading the answer only 
after the final hairline setting. 

The fixing of the decimal point in the answer is somewhat 
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simplified by the fact that the extension of the slide to the right 
or the left can be ignored as long as the slide extends in the same 
direction for both operations as it does in the large majority of 
cases. 


8 8 
Problems such as 7%? are not written — <2 (R) since 
(R) 
the (R)’s cancel and can be disregarded. If, however, the indices 
must be changed during the computation, the (R) must be indi- 
cated in the division or the multiplication where it occurred. 
For the following problems the ligit calculations are as indicated. 


25 25 
=x3 (2 —1 +12) —x12(R) (2 -—1 +2 —1-2) 
) 


x“ 


and but 
54 54 
— X12 (2 —2 +22) - x9 (2 —2 +1 41-2) 
18 18 (R) 


By the time the student has completed the instruction out- 
lined above, his chemistry lectures and his laboratory experi- 
ments are introducing problems, and he feels that the time spent 
in learning the slide rule operations has not been wasted. Prob- 
lems are much more interesting to him when mathematical 
drudgery is eliminated and practice with this new tool is substi- 
tuted. 

The instructor feels that it has been worthwhile also. Instead 
of requiring the student to think through and work out com- 
pletely one or two problems in a single class period, he now can 
assign several problems with confidence that they can be com- 
pleted in the same length of time. Another satisfaction comes 
when former students returning from universities and technical 
shops report that the ability to perform simple operations on the 
slide rule, is one of the skills which they have found most useful 
since leaving high school. 





$1,000 AWARD FOR IODINE RESEARCH 


Iodine, familiar first aid remedy for cuts and an important body chemi- 
cal, may have still undiscovered medical uses. 

To encourage and reward further research in the chemistry and phar- 
macy of this chemical, a $1,000 award has been established by the Iodine 
Educational Bureau of New York City. The award will be given every two 
years through a special awards committee of the American Pharmaceutical 
Association. 











LOUIS AGASSIZ, TEACHER OF SCIENCE 


James D. TELLER 
The Adjutant General’s Office, Department of she Army 


Louis Agassiz was one of the great science teachers of all time, 
and one of the most famous. He was famous because he was able 
to captivate all manner of men, scientists and poets, philos- 
ophers and mechanics, emperors and farmers. William James 
felt that not since Benjamin Franklin had we had among us a 
person of more popularly impressive type. Jules Marcou thought 
that his popularity even rivalled that of the great statesman, 
Daniel Webster. His broad humanity enabled him to awaken an 
enthusiasm for science among all classes of people whether rich 
or poor. A consideration of the sympathetic, human side of his 
character and his genial, personal influence should enable us to 
better understand the secret of his great success as a teacher. 


1. Agassiz and his students 


Agassiz especially delighted in the love and approbation of his 
students. And he secured their admiration, not by producing a 
school of disciples, but by the sheer force of his personal power. 
It is true that the influence of his personality sometimes gave his 
opinions a weight beyond the value of the investigations on 
which they were based. Thus, John Fiske, on reading the head- 
line ‘The Darwinian Theory utterly demolished by Agassiz 
Himself,” asked, ‘‘Is there a scientific pope among us?” Never- 
theless, Agassiz attempted to teach his students that they should 
not follow him but should learn to think for themselves. That 
his teaching was effective is evidenced by the fact that “every 
one especially trained by him afterward joined the ranks of the 
evolutionists.” As illustrative of the experience of his students 
we may cite that of David Starr Jordan. He at first accepted 
Agassiz’s philosophy regarding the origin and permanence of 
species. However, he gradually found it impossible to believe 
that the different kinds of animals and plants were separately 
created in their present forms. As Jordan sometimes said “I 
went over to the evolutionists with the grace of a cat the boy 
‘leads’ by its tail across the carpet!” Yet Jordan appraised 
Agassiz as “‘the greatest teacher I have known.” 

Jordan felt that all of Agassiz’s students went through an 
experience similar to his own. Perhaps it was such experiences of 
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his own students that caused Agassiz to confess to one of them 
in the last year of his life: 


The greatest mistake of my scientific life has been in fighting the theory 
of evolution. I saw that it was coming for years and my “Essay on Classi- 
fication” was written largely to forestall it. I believed it all wrong, but now 
I see that it will prevail. 


We have chosen Jordan to represent that exceptional group of 
students whom Agassiz had at Penikese. Of the classes at the 
Lawrence Scientific School, Morison rated the first to receive 
the S.B. degree, the Class of 1851, as “‘the most distinguished.” 
This class of four members was composed of William L. Jones, 
later of the University of Georgia; Joseph LeConte later pro- 
fessor of biology in the University of California; John D. 
Runkle, later president of the Massachusetts Institute of 
Technology; and David A. Wells, later a noted economist. We 
shall let LeConte speak for this group. 

I respond the more willingly to your invitation to say something in 
honour of Professor Agassiz, because I owe personally so deep a debt of 
gratitude to him as my teacher. For some fifteen months in the years 
1850-51, as his private pupil, I spent the whole working hours of nearly 
every day by his side, either in the laboratory or else in excursions along the 
shores of Massachusetts, or over the mountains of New York, or on the 
reefs and keys of Florida. The result of this long intimate association was, 
on my part, a great and ever-increasing love, admiration, and reverence for 
him, both as a scientist and as a man, and on his part, I am sure, a very 
strong and affectionate regard.’” 


Nathaniel Southgate Shaler, distinguished between Agassiz 
the instructor and Agassiz the educator, and then evaluated 
each as follows: ‘‘Agassiz was the worst instructor I have ever 
known, but in diverse ways the greatest educator.” It was in 
that memorable Autumn in which Darwin’s Origin of Species 
appeared that Shaler first met Agassiz. In recalling this meeting 
Shaler spoke of it as ‘‘my first contact with the man who was to 
have the most influence on my life of any of the teachers to 
whom I am indebted.” Again, it was Agassiz’s personal quality 
that captivated young Shaler. 

Among Shaler’s fellow-students in the Lawrence Scientific 
School were Samuel H. Scudder, Frederic W. Putnam, Addison 
E. Verrill, Alpheus Hyatt, and William James. Of this group 
none wrote more extensively about their master than did the 
last named. Shortly after enrolling in the school to study 
chemistry under Charles W. Eliot, who had just been placed in 
charge of the chemical laboratory, James writes to his parents: 


Agassiz gives now a course of lectures in Boston, to which I have been. 
He is evidently a great favorite with his audience and feels so himself. But 
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he is an admirable earnest lecturer, clear as day, and his accent is most 
fascinating. I should like to study under him.’ 


Two months later he feels able to place the desired study with 
Agassiz in proper perspective with the rest of his program. He 
proposed this outline: 

... One year study chemistry; then spend one term at home, then one 
year with Wyman, then a medical education, then five or six years with 


Agassiz, then probably death, death, death with inflation and plethora of 
knowledge.‘ 


Of course not all of this youthful prophecy came to pass im- 
mediately for thirty-five years later he recalls one of the great 
benefits which he derived from his studies with Agassiz: 

We cannot all escape from being abstractionists. I myself, for instance» 
have never been able to escape; but the hours I spent with Agassiz so 
taught me the difference between all possible abstractionists and all livers 
in the light of the world’s concrete fulness, that I have never been abie to 
forget it. Both kinds of minds have their place in the infinite design, but 


there can be no question as to which kind lies nearer to the divine type of 
thinking.® 


Speaking at the Agassiz centennial at Cornell University on 
May 28, 1907, another of Agassiz’s students, Burt G. Wilder, 
gives still other reasons for his gratitude to his old teacher: 

I am one of the few survivors of those who were directly associated with 
Agassiz as pupils, assistants, or colleagues. He inspired me with interest, 
with admiration, with respect, nay, almost veneration. No shadow ever 
came between us. Whatever benefits he may have conferred upon others, 
I have reason to believe that, outside his family circle, there is no one, 
living or dead, who has such cause for gratitude and affection in return for 


counsel, for encouragement, for opportunity, and even for material aid in 
the form of specimens or information.® 


In addition to the four students whose appreciations we have 
quoted, many others have expressed their gratitude to Agassiz. 
Various lists of Agassiz’s more prominent students have been 
prepared. The American Naturalist, founded by four of Agassiz’s 
pupils in 1867, took occasion on the golden anniversary of 
Agassiz’s first class at Harvard to publish a list of thirty-nine 
names, and concluded that ‘“‘when we look over the names of 
those who are doing the zoological work of America today, we 
find few who have not been trained by Agassiz, his pupils, or by 
his pupils’ pupils.”” In 1928 Warren published a list of sixty- 
eight names “of friends or students” secured by searching the 
early reports of the Museum of Comparative Zoology and the 
memories of two surviving students of Agassiz. The complete 
“Catalogue of the Anderson School for 1873”’ is contained in the 
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Report of the trustees for that year. The eminence of the names 
in these lists serve to show Agassiz’s ability not only to single 
men out but also to inspire them to investigate the problems 
which were pressing for solution. Moreover, since the majority 
of them became teachers of biology, they have spread Agassiz’s 
influence as a teacher over the globe. 


2. Agassiz’s scientific friends 


Agassiz’s scientific friends included some of the greatest 
thinkers of the nineteenth century. With some of these he 
formed life-long friendships in which the influence was recipro- 
cal. The influence of Alexander von Humboldt on him is well 
known, but it is not unlikely that Agassiz also exerted an in- 
fluence on Humboldt. Although an opponent of Agassiz’s 
glacial views, he treated him tenderly for such a sharp and 
sarcastic critic. Thus, he writes to Agassiz on August 15, 1840: 

...I cannot close this letter without asking your pardon for some 
expressions, too sharp, perhaps, in my former letters, about your vast 
geological conceptions. The very exaggeration of my expressions must have 


shown you how little weight I attached to my objections. . . . My desire is 
always to listen and to learn.’ 


Almost two years later, in a letter expressing his continued in- 
credulity to Agassiz’s glacial views, Humboldt concludes: 

... But I am only a grumbling rebellious subject in your kingdom. .. . 
Do not be vexed with a friend who is more than ever impressed with your 


services to geology, your philosophical views of nature, your profound 
knowledge of organized beings. . . . * 


Although Agassiz failed to convert his Prussian friend to his 
glacial theory, he early converted his English friend, Dr. William 
Buckland, Dean of Westminster, to his point of view. It was 
Dr. Buckland who acted as his guide in the hunt after fossil 
fishes and in the search after glacier tracks in Great Britain. 
These journeys mark the beginnings of life-long friendships 
with Adam Sedgwick, Charles Darwin, Sir. Charles Lyell, and 
Sir Roderick Murchison. All of these except the latter almost 
from the beginning accepted Agassiz’s glacial views, and even 
he came to accept them before the end of his life. 

Sedgwick met the “famous foreign fishmonger,”’ as he once 
referred to Agassiz, at a meeting of the British Association for 
the Advancement of Science in Edinburgh in 1834. The follow- 
ing year Agassiz visited Sedgwick at Cambridge and arranged to 
draw the fossil fishes which Sedgwick had had brought together 


, 
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for him. These two friends were not only glacialists but also 
creationists. 

In a letter dated August 19, 1868, Darwin thanked Agassiz 
for information which he had supplied on the Amazonian fishes 
and added that he had never for a moment doubted his kindness 
and generosity. He recalled that ever since they first met at a 
meeting of the British Association for the Advancement of 
Science that he had felt for Agassiz ‘the warmest admiration.” 
While Darwin accepted Agassiz’s glacial views, Agassiz never 
accepted Darwin’s evolutionary views. However, Darwin with 
his characteristic perspicacity had prophesized in the Origin 
that it would be impossible to convert the older naturalists to 
his theories. Yet each recognized the intellectual integrity and 
greatness of the other. Thus, when Henry Wadsworth Long- 
fellow was traveling in England in 1868, he wrote to Agassiz 
of the delight with which he found his memory so beloved in 
England: 


In the Isle of Wight, Darwin said, “What a set of men you have in 
Cambridge! Both our universities put together cannot furnish the like. 
Why, there is Agassiz,—he counts for three.’’® 


Lyell accepted both the glacial views of Agassiz and the 
evolutionary views of Darwin. Yet he remained the friend of 
both. It was he who was instrumental in making the arrange- 
ments which secured for Agassiz his first course of Lowell Lec- 
tures. 

Agassiz helped Sir Roderick Murchison in naming and de- 
scribing certain fossils for his Silurian System, “one of the land- 
marks in the history of geology.” However, for many years 
Murchison remained an opponent of Agassiz’s glacial theory. 
Thus, in a letter to Sedgwick describing the meeting of the 
British Association for the Advancement of Science in 1840, he 
writes: 

Agassiz gave us a great field-day on Glaciers, and I think we shall end in 


having a compromise between himself and us of the floating icebergs! I 
spoke against the general applications of his theory.'® 


Twenty-two years later, with rare candor, Murchison writes 
to Agassiz as follows: 


I send you my last anniversary address, which I wrote entirely myself; 
and I beg you to believe that in the part of it that refers to the glacial 
period, and to Europe as it was geographically, I have had the sincerest 
pleasure in avowing that I was wrong in opposing as I did your grand and 
original idea of my native mountains. Yes! I am now convinced that gla- 
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ciers did descend from the mountains to the plains as they do now in Green 
land.™ 


Among the younger contemporaries of Agassiz in England, 
Thomas Henry Huxley appreciated the true value of his work. 
He once remarked to Marcou: 


Agassiz is a backwoodsman in natural history. He clears up the forest, 
cutting down all errors, theories, without regard to persons or established 
reputation. What a pioneer!?? 


Yet Huxley found Agassiz’s explanation of the origin of species 
to be unsatisfactory. In a chapter written for Darwin’s Life, he 
wrote: 


If Agassiz told me that the forms of life which had successively tenanted 
the globe were the incarnations of successive thoughts of the deity; and 
that he had wiped out one set of these embodiments by an appalling geolog- 
ical catastrophe as soon as His ideas took a more advanced shape, I found 
myself not only unable to admit the accuracy of the deductions from the 
facts of paleontology, upon which this astonishing hypothesis was founded, 
but I had to confess my want of any means of testing the correctness of his 
explanation of them. And besides that, I could by no means see that the 
explanation explained. 


Not only in England but in France also Agassiz’s friends were 
numbered among the most prominent scientists. At the Jardin 
des Plantes was Valenciennes, the associate of his early days 
under the tutelage of Cuvier, who often referred to him as “le 
cher Agassiz.” There also was Professor G. P. Deshayes, who 
seems to have regretted that Agassiz did not return to the scene 
of his early triumphs. As late as 1870 he writes to Agassiz: 

What would our old Museum not have gained in having at its head a 
man like you! We should now not be lying stagnant ina space so insuffi- 
cient that our buildings, by the mere force of circumstances, are trans- 
formed into storehouses, where objects of study are heaped together, and 


can be of no use to any one.... You can fancy how much I envy your 
organization." 


Perhaps the most intimate of Agassiz’s Swiss associates were 
Arnold Guyot and Leo Lesquereux. Guyot and Agassiz had been 
friends from boyhood. Although separated during their uni- 
versity life, Guyot being at Berlin while Agassiz was at Munich, 
they became colleagues at Neuchatel. They studied the Alpine 
glaciers together, and came to America at about the same time. 
Both secured positions in American colleges, Agassiz at Harvard 
and Guyot at Princeton. Throughout their life they shared their 
scientific interests, being associated in Agassiz’s final under- 
taking at Penikese. 

Lesquereux attended the Academy at Neuchatel with 
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Agassiz’s brother, August. He was a member of the Society of 
Natural History which Agassiz founded at Neuchatel. He came 
to America shortly after Agassiz and became “the foremost 
North American authority on Paleobotany as well as an able 
student of Bryology.” 

Even before coming to America, Agassiz was a correspondent 
of Benjamin Silliman. As early as 1835 we find Silliman at- 
tempting to get subscribers for the Poissons Fossiles. After one 
of Agassiz’s early visits to New Haven, Silliman describes him 
thus: 

He is full of knowledge on all subjects of science, imparts it in the most 
graceful and modest manner and has, if possible, more of bonhomie than of 
knowledge. He has a more minute knowledge of his subject and at the same 
time a more wonderful generalizing power and philosophical tone than 
any man I have ever met.® 
Silliman could not decide whether the ladies more liked the man 
or the gentlemen more admired the philosopher. 

Another American scientist with whose work Agassiz was 
familiar before coming to America was James Hall, the eminent 
geologist. A sheaf of letters between these two friends cover a 
period of more than twenty years. In the introduction to his 
Paleontology Hall acknowledged the help which he received 
from Agassiz’s counsels. 

Agassiz early discerned the genius of James Dwight Dana, 
the son-in-law of Silliman. His friendship with him exerted a 
powerful influence upon Dana’s intellectual growth. The two 
not only corresponded constantly but also met frequently. Al- 
though Dana’s letters have not been recovered, “‘of those re- 
ceived from Agassiz the pile is almost unbroken.” Both men were 
firm theists and ardent glacialists. Both were staunch supporters 
of the freedom of science from theological restraints. In a letter 
to Dana in 1856, Agassiz writes: 


I, and we all, are greatly indebted to you for fighting so earnestly the 
cause of our independence versus clerical arrogance. No one can do it so 
effectively as you; from me or anyone else who does not profess to be a 
member of the church it would have no weight with church people at large. 
I am sorry to find that this clerical spirit is still alive, as bitter, vehement, 
and overbearing as in the worse times of religious bigotry. It confirms me 
in my determination to have nothing to do with church matters and 
church organizations. I do not see but it must come to this, that each and 
every one must settle religious affairs for himself, without any regard (sic) 
with others; for, after all, religion is a personal relation to God, and we 
derive as little comfort from the interference of others with reference to our 
intercourse with our Maker, as we do in matters of affection." 


The coming of Agassiz to America was an inspiration to 
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another of his younger contemporaries, Spencer Fullerton Baird. 
One of the first great works projected by Agassiz in America 
was a memoir upon the fresh-water fishes of North America, in 
the authorship of which Baird was to have been his associate. 
However, the work was never completed. 

Although Agassiz had few real enemies, he was not equally 
cordial with all his friends. He had no high opinion of Charles 
W. Eliot as a scientist, and was largely instrumental in prevent- 
ing his election to the Rumford professorship of chemistry at 
Harvard. Another scientist whose ambitions to become a 
Harvard professor was thwarted by Agassiz was William B. 
Rogers. Agassiz could not be persuaded to have Rogers beside 
him in the Lawrence Scientific School. Thus, Rogers turned his 
energies to creating a rival institution, the Massachusetts In- 
stitute of Technology. Asa Gray’s efforts to assure Darwin’s 
Origin fair play in America strained his friendship with Agassiz. 
After the appearance of the Origin it is said that the students of 
Agassiz had only a limited contact with Gray or his students. 
Shaler says that Benjamin Peirce, the mathematician and 
astronomer, and Agassiz “‘were enemies, with occasional inter- 
missions of loving friendship.” Although Agassiz had incidental 
frictions with Jeffries Wyman, he always retained friendly rela- 
tions with him and had a great admiration for him. Agassiz’s 
appreciation of Wyman, who was the very antithesis of Agassiz, 
led Shaler to believe that Agassiz had a rare capacity for judg- 
ing men and that his conflicts with others were not due, as some 
thought, to selfish interests. Nevertheless Agassiz had his share 
of quarrels with his associates including those with Karl 
Schimper, Edouard Desor, James D. Forbes, and Henry James 
Clark. 

The foregoing paragraphs are intended to illustrate the 
various avenues through which Agassiz’s influence on his scien- 
tific friends was exerted. His personal contacts with Joseph 
Henry, Samuel George Morton, Leopold von Buch, Edward 
Forbes, Richard Owen, and many other scientists we have 
ignored; his correspondence with Sir Philip Egerton, Alexander 
Braun, Alexander Dallas Bache, Hugh Miller, and Elie de 
Beaumont and a host of others we have neglected. As it would 
be impossible to quote tributes from all of Agassiz’s associates in 
science, we shall conclude this section with one in the superlative 
degree. George B. Emerson, one of the founders of the Boston 
Society of Natural History says that he found Agassiz to be 
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“the wisest, the most thoroughly well-informed and com-. 
municative, the most warm-hearted and the most modest man 
of science with whom, personally or by his works,” he had ever 
become acquainted. 


3. Some unknown friends of Agassiz 


Agassiz’s influence was exerted through other than Scientific 
channels. He influenced a great body of unknown students 
whose tributes were never written. As William James expressed 
it, Agassiz “‘left a sort of popular myth—the Agassiz legend, as 
one might say—behind him in the air about us.” 

Shaler relates an incident which illustrates Agassiz’s personal 
power over common people. In 1866 Shaler and Agassiz were in- 
terested in comparing the skeletons of thorough-bred horses 
with those of common stock. Shaler had tried without success to 
get the bones of certain famous stallions from Kentucky. Early 
one morning the stables at Beacon Park were destroyed by a 
fire believed to be of incendiary origin. Many horses were badly 
burned and others were killed. Shaler raced to the track hoping 
to procure the skeletons of the dead horses. On his arrival, how- 
ever, he encountered such a mob of irate owners and angry 
jockeys that he decided to await a more propitious moment to 
make his request. On his return from the track, he chanced to 
meet Agassiz who had heard of the fire and was on his way to 
the Park. Shaler tried to persuade him to turn back assuring 
him that this was not the time for bargaining for skeletons. 
Agassiz would not listen and continued to the smouldering ruins. 
Shaler went along in the hope of protecting him from the con- 
sequences of his curiosity. Shaler described the marvel which 
came about when they reached the spot thus: 

... Ina moment he had all those raging men at his command. He went 
at once to work with the horses which had been hurt, but were savable. 
His intense sympathy with the creatures, his knowledge of the remedies to 
be applied, his immediate appropriation of the whole situation, of which he 
was at once the master, made these rude folk at once his friends. Nobody 
asked who he was, for the good reason that he was heart and soul of them. 
When the task of helping was done, then Agassiz skilfully came to the 
point of his business—the skeletons—and this so dextrously and sympa- 


thetically, that the men were, it seemed, ready to turn over the living as 
well as the dead beasts for his service.” 


Edward Everett Hale was also impressed with Agassiz’s in- 
fluence on ordinary people. He relates one impression thus: 


I have seen him address an audience of five hundred people, not swanty 
of whom when they entered the hall thought they had anything to do wit 
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the study of nature. And when after his address they left the hall, all of the 
five hundred were determined to keep their eyes open and to study nature 
as she is.78 


Rufus P. Stebbins especially noticed Agassiz’s versatility in 
dealing with all sorts of persons. He describes his observations 
thus: 


I have heard him pour out the stores of knowledge derived from new 
investigations before the savants of this continent with the simplicity and 
self-forgetfulness with which a child would pour its toys into your lap; and 
I have heard him talk with apparently equal interest before a company of 
farmers and mechanics, whose knowledge of nature was almost infinitesi- 
mal,!® 


The work of Agassiz in encouraging common people to ob- 
serve nature was continued by The Agassiz Association, founded 
in 1875 by Harlan H. Ballard, a teacher of Lenox, Massachu- 
setts. In 1888 Ballard reported the total membership to be above 
ten thousand distributed in all the states and territories with 
very few exceptions. 
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A GEOMETRICAL DISCUSSION OF THE 
GRAVITATIONAL LAW OF INVERSE 
SQUARES 


Mortey F. Fox 
205 S. Kenilworth Avenue, Oak Park, Illinois 


I 


Kepler’s first law of planetary motion is that the orbit of a 
planet is an ellipse, at one focus of which is the sun. His second 
law is that the radius vector between the centers of mass of sun 
and planet, traverses equal areas in equal times. From these may 
be deduced and geometrically demonstrated, the law that the 
force of gravitation between sun and planet, varies inversely as 
the square of the distance between them. (The second law is 
more generally discussed in the following section II.) 

Throughout this discussion, the centers of mass will be treated 
as mathematical points wherein the mass is concentrated; and 
the mass of the sun will be considered as a fixed point. This is 
justified by the great disparity between the masses. 


II 


If motion, momentarily uniform in a straight line, be acceler- 
ated at the ends of equal time-intervals, by impulses equal or 
unequal, exactly in the direction of an external fixed point, the 
radius vector from the fixed point to the point defining the mo- 
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tion, will traverse equal areas in equal times. Let O be a fixed 
point joined by a radius vector to a point B which is momen- 
tarily moving with uniform velocity in direction of C. If not 
deflected, it will travel equal distances in equal times T and will 
be at equally spaced points B, B,, Bz etc. successively. At po- 
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sition B, it receives an impulse exactly directed toward O such 
that, as the result of that impulse alone, it would move to point 
D in unit time T. The motion of B will be altered, i.e., acceler- 
ated in both speed and direction and its path will be the result- 
ant of its original motion and the superimposed acceleration. 
Therefore, in unit time 7, it will traverse B, E (which is the 
diagonal of the parallelogram of forces) with speed which would 
carry it to FE, in the succeeding time T. At point E it receives 
another impulse directed toward O such that, as the result of 
that impulse alone, it would move to point F in time 7. Again 
speed and direction are altered and the point will traverse the 
diagonal E H in time T. (And so for any number of impulses.) 
Triangle B,OB; is equal to triangle BOB, (having equal bases 
and the same altitude). 
Triangle B,OB; is equal to triangle B,\OE (having same base 

(B,O) and equal altitudes). 

Therefore triangle BOB, is equal to triangle BiOE 

Triangle EOE, is equal to triangle B,OE (having equal bases and 
same altitude). 

Triangle EOE, is equal to triangle EOH (having same base OE 
and equal altitudes). 

Therefore triangle B,OE is equal to triangle EOH 

And so for all areas similarly defined. Notice that the impulses 

may be equal or unequal. The important thing to notice is the 

equality of areas. 

Substantially, the foregoing demonstration is part of Newton’s 
discussion of gravitation in his Principia. (Philosophiae Nat- 
uralis Principia Mathematica.) It appears elsewhere, as e.g., in 
the General Astronomy, by Young. However, in the former, the 
ensuing demonstration of the law of inverse squares is regret- 
ably obscure. In the latter no attempt is made to demonstrate 
the law by geometry, recourse being had to algebraic equations 
only. Considering the unsupported claims to prior discovery of 
the law made by Newton’s contemporaries—one especially—it 
is fair to guess that Newton was deliberately obscure. So far as 
other works are concerned, I have never come across a demon- 
stration. Authors seem to have been content to state the law 
and ascribe its discovery to Newton. 


III 


Let F; be a focus of the elliptical orbit of point (center of mass) 
P, with the center of mass of the sun at F;. Let F: be the empty 
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focus. P and p are two positions of the planet moving with in- 
stantaneous velocities tangent to the orbit. Consider that in unit 
time 7, gravitation deflects P from the tangent through the dis- 
tance D and deflects » through distance d. R and r are corres- 
ponding positions of the radius vector F;P and Fip. The areas 
traversed by the vector are triangles when T is very short. Let 
the bases of the triangles be B and b. The areas of the triangles 


p 
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are equal. (See II.) Call the area K. Let A and a designate radial 
acceleration. 





AT? a 
D equals and d equals ch 
2D 2d 
Whence 7°? equals z and T? equals — (1) 
a 
. RB rb 
K equals . 3 and K equals ‘- 


(Where T is very short & R & r may be considered to be altitudes 
of A), 














RBT rbT 
KT equals and KT equals 
E R°B*T? rb?T? 
K*T? equals and K*T? equals 
R°B’T? rb’T? 








and T? equals (2) 


Whence 7? equals 
4K? 4K? 














742 SCHOOL SCIENCE AND MATHEMATICS 


Equating (1) and (2), 

















R°B*T? 2D rb?T? 2d 
equals —— and equals —. 
K? A 4K? a 
P 8&K*D 8K*d 
Whence A equals and a equals ae 
R°B*T? 22 T? 
j Dr’? PF ee. oF 
Therefore — equals equals —X—X—X— - 
a R°B? B B dad R 


Because D and B and 6 and d were all developed in time 7, all of 
the foregoing ratios except the last, are constants. The last ratio 
is the only variable and it expresses the rate of change in the 
ratio of A to a. 

Therefore the acceleration varies inversely as the square of the 
distance. 





THE CONIC SECTIONS AND THE SOLAR 
SYSTEM 


W. Roy Utz 


University of Virginia, Charlottesville, Va. 


The geometry of the solar system is a happy discovery for the 
teacher of geometry searching for illustrations to enliven the 
conventional material in either synthetic or analytic geometry. 
Indeed, astronomy provides a host of illustrations and applica- 
tions of various branches of mathematics that are both interest- 
ing and neglected. The neglect is due largely to the widespread 
lack of information, among otherwise well-educated people, of 
even the bare fundamentals of astronomy. Partially this is be- 
cause many astronomers have an unfortunate lack of interest in 
the teaching of astronomy. There seem to be some understand- 
able reasons for this situation, not the least of which is the 
fascination that they themselves find in the non-teaching aspect 
of their work. Furthermore the equipment necessary for the 
teaching of observational astronomy is expensive, necessarily 
difficult to reach and often needed for pressing research. 

It has been the author’s practice during the past several years 
to include in courses in analytic geometry a lecture on the occur- 
rences of the conic sections in the motion of the members of the 
solar system. In even the dullest classes this has caused an extra- 
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ordinary interest toward both the geometry and astronomy 
presented. 

Of primary importance in such a presentation are the nine 
known planets. They, together with the minor planets or aster- 
oids (of which over 1,500 are known), have elliptic orbits with 
the sun at one focus. The closest and farthest points from the 
sun in each orbit are called the perihelion and aphelion points, 
respectively. They, of course, represent the endpoints of the 
major axis of the ellipse. The motion of a planet in its orbit is 
periodic. In the case of the earth the period is one (sidereal) 
year. At the same time each planet rotates on its axis. In the 
case of the earth this rotation is effected in twenty-four hours 
(less about four minutes). 

In the accompanying TABLE OF PLANETS the planets are 
arranged according to their mean distance from the sun. The 


semi-major axis is given in astronomical units (one unit being, ~ 


by definition, the semi-major axis of the earth’s orbit), the 
period is given in sidereal years and the orbital velocity is in 
kilometers per second. Using information from this table a stu- 
dent can compute the perihelion and aphelion distance from the 
sun, the length of the minor axis of the ellipse, etc. 


TABLE OF PLANETS 














Semi-Major Mean 
Name Axis of Period Orbital Eccentricity 
Orbit Velocity 

Mercury 0.387 0.24 47.9 0.206 
Venus 0.723 0.62 35.1 0.007 
Earth 1.000 1.00 29.8 0.017 
Mars 1.524 1.88 24.1 0.093 
Jupiter 5.203 11.86 13.1 0.048 
Saturn 9.539 29 .46 9.7 0.056 
Uranus 19.191 84.01 6.8 0.047 
Neptune 30.071 164.78 5.4 0.009 

4.7 0.247 


Pluto 39.518 248 .42 





Most of the planets have satellites. The motion of the earth’s 
satellite, the moon, is still the subject of considerable research. 
However, for our purpose its orbit can be taken as an ellipse 
with the earth at one focus and having eccentricity about 0.056. 

In addition to the sun, the planets with their satellites, and 
the minor planets (asteroids), the solar system consists of nu- 
merous comets and meteors. The orbits of about 400 comets 
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have been studied; of these the majority seem to be parabolic, 
many are elliptic and a few are hyperbolic. In each case the sun 
is at a focus of the orbit and the terms perihelion and aphelion 
apply as before. Of course only the comets with elliptic orbits 
remain in the solar system. The information available concern- 
ing the orbits of comets is relatively scarce since, with a few 
exceptions, the object is observable for only a comparatively 
short period of time. However in many cases of periodic (i.e. 
elliptic) orbits there have been sufficient observations to estab- 
lish more than the nature of the orbit. Because of their tendency 
to visit the vicinity of bodies of large mass (notably the sun and 
Jupiter) their orbits are frequently altered in a radical manner. 

Very little is known about the orbits of meteors since, for the 
most part, they make themselves known by entering the earth’s 
atmosphere where they burn themselves out or become em- 
bedded in the earth as meteorites. A few, however, are large 
enough to be observed in their orbits and others seem to follow 
the orbits of ‘“‘dead” comets of which they were probably a part. 
In these cases the orbits are elliptic with the sun at one focus. 

A discussion of this nature should not omit the use made of a 
property of the parabola in the construction of reflecting tele- 
scopes. The essential part of a reflecting telescope is a mirror, 
the surface of which is a parabola of revolution with vertex at 
the center of the mirror. The light from an object to be observed 
comes to the surface of this mirror in rays essentially parallel to 
the axis of the parabola. Due to the parabola’s property of re- 
flecting such a ray through its focus, a concentration of light 
from the object is found at the focus of the parabola. A small 
convex mirror, placed at the focus of the parabola, reflects the 
rays back through a hole in the center of the large mirror where 
there has been placed an eyepiece or photographic plate. The 
mirror of the largest reflector in the world (Mt. Wilson) is 100- 
inches in diameter. The Palomar reflector will have a mirror 
200-inches in diameter. 

The reader who wants a further reference will find Astronomy, 
I, The Solar System, by Russell, Dugan and Stewart (Ginn and 
Co., 1945) both readable and authoritative. 





A modern nation is not stronger than its progress in metals. In that 
progress America leads the world. 
Thomas V. Carlisle Your Career in Engineering 








WORLD CENTER ON MINOR PLANETS ESTABLISHED 
AT CINCINNATI OBSERVATORY 


So far as minor planets are concerned, Cincinnati Observatory has be- 
come the center of the solar system. The International Astronomical 
Union has designated it as the world’s collecting and distributing center 
for observations on asteroids or minor planets. 

Astronomers from all parts of the world will send to Cincinnati observa- 
tions, ephemerides, and new discoveries, which will then be bulletined by 
wire, cable and mail to all observatories. 

Cincinnati Observatory, headed by Dr. Paul Herget, will thus serve the 
same function with regard to minor planets as Harvard College Observa- 
tory, Cambridge, Mass., does in the distribution of general astronomical 
data by means of its famous series of announcement cards and telegrams. 





A NEW METHOD FOR EXTRACTION OF 
ALGEBRAICAL SQUARE ROOT 


St. Karpy TAN 
Chip-Bee Senior Middle School, Amoy, China 


This article on a method for finding the square root of any 
algebraic integral expression will be found useful and interesting 
to many readers. 

First, let us adopt the example and method as shown in 
Chrystal’s Algebra, I, p. 217: 

Find the square root of x'°+6x°+13x?+4a7— 182°— 1225+ 
1424 — 1223 +92? —2x+1. 

The process is thus: 


143 +2-—-4+1-1 




















146 +13 + 4 -18 -12 +14 -12 +9 —2 41 
1* 
(243]  6*413" 
6*+ 9 
24(6)+2 4+ 4*~18* 
4*412 + 4 
246+4(4)—4 — § —22 —12*+14* 
— 8*—24 —16 +16 
2464+4—(8)-+1 244-2 —12*49" 
4644-841 
246+4—8+(2)—1 2-6-4 48 —2*+1* 
ld: — 2*— 6*— 4*4+8*—2*41* 








We observe that the numbers marked with an asterisk are the 
same as the numbers in the same column upright opposite to 
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them, it is unnecessary to write out repeatedly; and the numbers 
on the left side of the vertical line it is required only to write out 
those in the parentheses. Hence the above operation may be 
shortened as follcws: 


1+3+ 2— 44+ 1-1 
2 +9+13+ 4—18—12+14-—1249-—2+4 
Pape Pry 








6 fr i2+ 4 
— 3-22 
4 —24—16+16 
+ 4— 2 
-8 a 6+ 4— 8+ 1 








: “FPP 
Ans. + (x54+3x!4+228—4x24+2—1). 
If the readers are skilful in mental arithmetic, then the proc- 
ess can be simplified more briefly as follows: 


1+3+ 2—4+ 1- 1 


2 | 446+134+4-18—124+14-—124+9-24 
Ppt zy 


1 gage 2 tay 
-' “FMS 


2 





Another Example: Find the square root of 42*— 1223+ 252?— 
16x+9. 





Solution: 
2— 3+ 4 2— 3+ 4 
4 —~ Y+25—16+ 9 or: 4 +25—16+9 
an 9 —6 J a b+ 8-7 
—6 JO-UA+16 





8— 7 


As we extract the root of the given expression, it remains 
8x—7; consequently, we know the radicand is not a perfect 
square. 





Kitchen. dishtowel, 20% asbestos and 80% cotton, wipes dishes faster 
and drier because asbestos has ability to absorb considerable quantities of 
water rapidly. Also the asbestos, which is a mineral, imparts a polish to 
china and glass. 











PROBLEM DEPARTMENT 


ConpuctTep By G. H. JAMISON 
State Teachers College, Kirkville, Mo. 


This department aims to provide problems of varying degrees of difficulty 
which will interest anyone engaged in the study of mathematics. 

All readers are invited to propose problems and to solve problems here pro- 
posed. Drawings to illustrate the problems should be well done in India ink. 
Problems and solutions will be credited to their authors. Each solution or 
proposed problem sent to the Editor should have the author’s name intro- 
ducing the problem or solution as on the following pages. 

The editor of the department desires to serve its readers by making it interest- 
ing and helpful to them. Address suggestions and problems to G. H. Jamison, 
State Teachers College, Kirksville, Missouri. 





SOLUTIONS AND PROBLEMS 


Note. Persons sending in solutions and submitting problems for 
solutions should observe the following instructions. 

1. Drawings in India ink should be on a separate page from the 
solution. 

2. Give the solution to the problem which you propose if you have 
one and also the source and any known references to it. 

3. In general when several solutions are correct, the one submitted 
in the best form will be used. 





LATE SOLUTIONS 

2023, 4, 6, 7, 8. St. Kaidy Tan, Chip-Bee Institute, Amoy China. 
2025. Philip Rosenblatt, Brooklyn. 
2040. M. Kirk, Philadelphia. 
2029. Proposed by Lillian F. Hayden, Troy, N. Y. 

If in triangle ABC, a+)4+c4 =2c?(a*+6*), find angle C. 

Solution by Max Beberman, Nome, Alaska 
By the Law of Cosines: 
2ab cos C=a?+8—. 
Squaring both sides: 
4a*b*cos? C =a*+b*+-ct—2c?(a?+-B*) +-207b*. 
Substituting the given relation in the right hand member: 


4a*b? cos? C= 2ab*. 
Therefore 
cos? C=}, 
Hence 
C=45°, 135°. 


Solutions were also offered by Lillian F. Hayden, Troy, N. Y.; Mildred 
Hopkins, Kankakee, Ill.; M. Kirk, Philadelphia; Raymond Kassler, 
Forest Hills, N. Y.; V. C. Bailey, Evansville, Md.; Hugo Brand, Chicago; 
Mrs. L. E. Gurley, Troy, N. Y.; Louise Bolander, Birmingham, Ala.; 
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Walter R. Warne, Dayton, Ohio; Hazel S. Wilson, Annapolis; Efrain 
Pinell C.; L. R. Galesburg, Lebanon, Pa.; Clinton A. Bergstresser, Brook- 
lyn, N. Y.; Herbert J. Stepaniak; B. Felix John, Philadelphia. 


2030. Proposed by James S. Frost, Willard, N.Y. 




















Solve 
x(y+2) =a 
y(x+2)=b 
(x+y) =. 
Solution by Clinton A. Bergstresser, Brooklyn, N.Y. 
xy+xz=a (1) 
xytye=b (2) 
xe+ys=c. (3) 
By addition and division by 2 
b 
sytas+ys—e (3) 
—a+b 
re 2d (4) 
2 
a—b+c 
= 5 
xz - (S) 
a+b—c 
= 6 
xy ; (6) 
ayt= cere ene steer (7) 
abit (—a+b+c(a—b+c)(a+b—c) (8) 


8 


By easy substitution 





/(a—b+c)(a+b—c) 





z= + 














ie 2(—a+b+c) 
(—a+b+c)(a+b—c) 
y= t 
2(a—b+<c) 
(—a+b+c)(a—b+c) 
s=+t ° 
2(a+b—c) 


Solutions were also offered by B. Felix John, Philadelphia; M. Kirk, 
Philadelphia; Joseph Lerner, Roxbury, Mass.; Daniel Block, N.Y.; Ray- 
mond Kassler, Forest Hills, N. Y.; Clara Lane, Lexington, Ky.; Betty L. 
Preister, Baton Rouge, La.; Namoi Meegraw, Covington, Ky.; Sidney 
Bell, Portland, Me.; Walter R. Warne, Dayton, Ohio; Hugo Brandt, 
Chicago; Max Beberman, Nome, Alaska. 


2031. Proposed by Hugo Brandt, Chicago. 

Derive a formula to show that there are 33 pairs of consecutive primes 
between the numbers 11 and 1000 inclusive. Also find them. 

Hugo Brandt with much head and very much hand labor found the 33 
pairs but no formula. Only an outline will be given to show his method. 
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Within the limits the primes are all odd and of the form 2n+1. To 
“weed out” the composite numbers set m =3a + (0, 1), » positive. This leads 
to the possibilities, 6¢+(+1,3) or, since 6a+3 is not prime, to the form 
6a +1. This involves multiples of 5. To eliminate them set a = 55 + (0, 1, 2) 
and the required primes are found in 306 +(1, 5, 7, 11, 13). The weeding out 
process of multiples of 5, 7, 11, 13, 17, 19, 23, 29 is continued and finally 
with great labor the 33 pairs are found. 


2032. Proposed by Susan Warne, St. Johns, Newfoundland. 
Show that the series 
pb 1 /-_ 1 i 
2 1472 1473 





is divergent. 
Solution by V. C. Bailey, Evansville, Indiana 
The following harmonic series is avi 
aie 


The given series, term by term, is greater than the known divergent se- 
ries. Also 
BER 
1+./n° 1+n° 
therefore, the given series is divergent. 

Other solutions were given by: Walter R. Warne, Dayton, Ohio; 
M. Kirk, Philadelphia; Wayne R. Cowell, Manhattan, Kan.; Joseph 
Lerner, Roxbury, Mass.; Daniel Block, New York; Hugo Brandt, Chicago; 
Norman Anning, University of Michigan. 


2033. Proposed by Norman Anning, University of Michigan. _ 


If a and m are positive integers, prove that (/a +V/a+/a+1)*is the sum 
of the square roots of two consecutive positive integers. 


Solution by the proposer 
I We have 


(\/a+1++/a)*=2a+1+42s/a*+0=4/4a*+4a41+4/40* +40. 


Similarly 





(Va+14+/2)*=(40+1)/a+1+(40+3)V/a 
= 4/16a'+240?+9a+1+4/16a'+24a?+9a. 





Thus the theorem is true for m =2 and for n =3. 
II. Suppose the theorem is true for some exponent &, an odd positive 
integer. Then there exist integers r and s such that 


(Va+l+Va)'=r/atit+s Va 
and such that 
r*(a+1) =1+5%. (1) 
Multiply both sides by (\/a+1+/a). 
(Va+1+Va)* = (ra+r+sa)+(s+r)/a+a?. 
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We now use (1) in showing that 
(ra+r+sa)?=1+(s+r)*(a+a?*). 
1+(s+r)?(a+a*) =1+5%¢+2rsa+r2a+s2a?+ 2rsa?+r2a? 
=ra+r?+2rsat+r%ats*a?+2rsa?+ra? 
=(ra+r+sa)?. 
It follows that the truth of the theorem for &, odd, implies the truth for 
eo the theorem is true for some exponent &, an even positive 
integer. Then there exist integers p and qg such that 
(/a+1+/a)*=p+qV/a+a* 
and such that 
P=1+¢e+ 90". (2) 
We would have 
(/a+1+V/a)*=(p+ga)/a+l1+(p+gatg) Va. 
And, by the method used in II, it is easy to show that 
(p+9a)*(a+1) =1+(p+9a+9)%a. 


It follows that the truth of the theorem for k, even, implies the truth for 
(k+1). 

IV. Since & must be odd or even, the proof is complete. 

A solution by Mildred Hopkins, Kankakee, III. was offered. 


2034. No satisfactory solution has been offered. 


HIGH SCHOOL HONOR ROLL 


The Editor will be very happy to make special mention of high school 
classes, clubs, or individual students who offer solutions to problems sub- 
mitted in this department. Teachers are urged to report to the Editor 
such solutions. 

Editor’s Note: For a time each high school contributor will receive a copy 
of the magazine in which the student’s name appears. 

For this issue the Honor Roll appears below. 


2029, 2032. John J. Kaplan, Medwood H. S.; Brooklyn. 


PROBLEMS FOR SOLUTION 


2053. Proposed by W. R. Warne, Dayton, Ohio. 
Solve the system: 
y= x2 
x+y+z=28 
yxz =512. 


2054. Proposed by Hugo Brandt, Chicago. 
Find the area of the loop of y?(1+) =27(1—<). 


2055. Proposed by William W. Johnson, Cleveland, Ohio. 
Solve the equation, and give a solution adapted to logarithmetic compu- 
tation 


84 sin (14°—x) —86 sin x=3. 
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2056. Proposed by William W. Johnson, Cleveland, Ohio. 

A metal cube, edge 4, has holes with 2 as diameter bored through the 
center of all its faces. What is the volume of the metal remaining in the 
cube? 


2057. Proposed by Walter R. Warne, Dayton, Ohio. 
Solve without use of the factor theorem and synthetic division: 
x4—62°+122°—20x—12=0. 
2058. Proposed by Norman Anning, University of Michigan. 
Show by skill rather than strength that 


la at+p a+2p 
| b+2¢ btg b =0. 


ctr c+2r 


a 
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BOOK REVIEWS 


Scrence—Its Errect oN INpustryY, Pouitics, War, EpucaTIoNn, RELI- 
GION AND LEADERSHIP, by D. W. Hill, D. Sc. Cloth. Pages v+114, 
14X22 cm. 1946. Chemical Publishing Co., Inc. Brooklyn, N. Y. Price 
$2.75. 


This book is a reassuring one in light of the recent attacks on science and 
the Scientific method. The author points out that even though Science has 
exploited and given us control over our environment, the real function of 
science is to understand. Some may call this an age of gadgets produced by 
science, but one of the chief contributions of science has been a method of 
thought superior to none—the scientific method. The book points out that 
science and Religion, having fought a battle in the past, are not nearly as 
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far apart as one thinks. Science and religion must work more closely to- 
gether if mankind is to benefit. Leadership in the affairs of men has been 
given mostly to those trained in the humanities—now it is time to produce 
men trained both in the liberal arts and science. Only by this means can 
education give to the world, men both exact and cultural in their outlook. 
The book points out the close dependence of industry and politics on 
science. It is true, as the author points out, that science has contributed 
many weapons of war; but it also points out that war is not the respon- 
sibility of science. That responsibility rests on every citizen. A brick can 
be used for a door stop or for a weapon. Science is neither good nor bad—it 
is what man does with science or its products that may be good or bad. 

The book points out that the future of the country depends on an educated 
citizenry. Whatever the question or problem that arises, it must be solved. 
Science can contribute to the education of children by helping them to 
think through the problems that confront them in school and in life. 
Throughout the book, the author shows that if the method of science were 
applied to the problems confronting man in religion, politics, education and 
leadership, man would use the products of science to improve social and 
economic progress. We need only quote Benjamin Franklin to substantiate 
Dr. Hill: ‘“‘The rapid progress true science now makes, occasions my re- 
gretting sometimes that I was born so soon. It is impossible to imagine the 
height to which may be carried, in a thousand years, the power of man over 
matter. O that moral science were in a fair way of improvement, that men 
would cease to be wolves to one another, and that human beings would at 
length learn what they now improperly call humanity.” Dr. Hill’s book is an 
outstanding contribution to the most significant problem now facing the 
world. 

KENNETH E, ANDERSON 


Basic CHEMISTRY, by Ernest E. Bayles, Professor of Education, Univer- 
sity of Kansas; and Arthur L. Mills, Chairman, Department of Science, 
Lake Geneva High School, Lake Geneva, Wisconsin. Cloth. Pages 
xii +720, 1522 cm. 1947. The Macmillan Company, New York, N. Y. 
Price $3.00. 


Here is a good chemistry text that attempts to secure a sequential ar- 
rangement of each unit so that one unit prepares for an understanding of 
the next. Kindred topics are more closely grouped together than in the 
conventional text. The “tool” topics of chemistry are arranged in a logical 
fashion that should lead to a better understanding on the part of the pupil. 
Atomic structure and subatomic structure are given a thorough treat- 
ment—mere than in any text I have seen for some time. “The Questions 
for Review and Further Study” are comprehensive and good. Each chapter 
has a section called ‘Books for Further Reading.” The teacher will find 
these two aids very valuable. Although the book lists some experiments for 
laboratory work, the teacher will need to supplement this phase to some 
extent. This book, as do many, attempts to treat the scientific method of 
thinking, but fails to doit in a manner that will carry over into the thinking 
of pupils. Perhaps this still has to be taught by inspired teachers. 

KENNETH E, ANDERSON 


DIRECTED EXPERIMENTS IN CHEMISTRY, Theodore E. Eckert, Department 
of Science, Whitney Point Central High School, Whitney Point, N. Y., 
Harley K. Lyons, Department of Science, Walnut Hills High School, 
Cincinnati, Ohio; and Wallace H. Strevell, Supervising Principal, 
Ellenville Public Schools, Ellenville, N. Y. Paper. Pages ii+158, 
19 X26 cm. 1947. 
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This is a combination laboratory manual and workbook which the busy 
teacher will find valuable as an aid to better teaching. It lists the conven- 
tional experiments, problems, and tables. The laboratory diagrams are 
good and clearly understandable. A good conventional laboratory and 
workbook manual. 

KENNETH E. ANDERSON 


APPLIED CHEMISTRY, by Sherman R. Wilson, Head of the Exact Science 
Depariment, Northwestern High School, Detroit, Michigan; and Mary R. 
Mullins, Chairman of Physical Science, Midwood High School, Brooklyn, 
New York. Cloth. Pages xxi+714, 1421 cm. 1947. Henry Holt and 
Company, New York, N. Y. Price $2.36. 


This is a highly illustrated, non-technical book for the high school stu- 
dent who will become a consumer of the things of science. This book is an 
attempt to bring chemistry down to the level of the average student and 
acquaint him with the things he will need to know to be an intelligent con- 
sumer, It is an attempt to give students an understanding of how chemists 
are changing the world in which we live. 

The experiments are simple and easy to follow. Many of the experiments 
are of a practical nature such as ‘““How can I make cold cream?” or “How 
can I test my tooth powder to see if it is safe to use on my teeth?” The 
book abounds in experiments of this kind which students will enjoy per- 
forming. Each of the units has a “Summary of Main Ideas” and a list of 
“Review Questions.”’ The teacher will find the list of “Examination Ques- 
tions” at the end of the book very useful for review purposes. All in all it is 
a textbook worth considering. 

KENNETH E. ANDERSON 


Doorways TO SCIENCE, by George W. Hunter, Ph.D., Lecturer in Methods 
of Science Education, the Graduate School Associated Colleges at Clare- 
mont, Claremont, California, and Walter G. Whitman, A.M., Formerly 
Head, Physical Science Department, State Teachers College, Salem, Massa- 
chusetts. Cloth. Pages xiii+546. 15.522 cm. 1947. American Book 
Company, 88 Lexington Avenue, New York 16, N. Y. Price $2.40. 


Doorways to Science is an example of what can be done in modern 
school text writing by means of a fresh approach toward the whole under- 
taking. When consideration is given to worthwhile activities in and out of 
the classroom, to the motivations that click with modern youth, to the 
topics that stimulate and are vital in modern society, and the fruits of 
these considerations used to establish the framework and body of a general 
science text, then a new, valuable aid to teacher and student is created. 

Doorways to Science represents such a departure from the traditional, 
formal general science text of the past. Its outstanding section is the unit 
on hobbies. Six hobbies are described in 41 pages under the unit title 
“Things to Do Outside of Class Time.” 

Hobby 1 How can you organize and run a science club? 

Hobby 2 What is in the sky above us? 

Hobby 3 How can I make good pictures? 

Hobby 4 Do you enjoy collecting? 

Hobby 5 Are you interested in living things? 

Hobby 6 What are some interesting vacation hobbies? 

This unit, the last in the text, closes with the topic “How May a Science 
Hobby Help Me After I Leave School?” This section discusses choice of 
vocation, the relation of hobbies to vocations, abilities needed for various 
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vocations, opportunities in various vocations, and changes of vocational 
choice. The unit on hobbies is aimed to meet one of the major objectives of 
general science-vocational guidance. 

The book contains 256 modern photographs of excellent quality, besides 
an adequate number of explanatory diagrams. Each topic is followed with 
questions for class discussion, best answer quizzes, and new terms; each 
unit is followed with “Things to Remember in this Unit,” scientific atti- 
tudes exercise, test on fundamental concepts, and a wealth of student ac- 
tivities. Preceding every unit is a page which ties the topic in with the 
student’s personal life and experience. 

The authors frankly advocate a functioning science club as an aid to 
teaching throughout the year. In this connection, the section on the science 
club in the unit on hobbies ahould be introduced early. Such activities as 
the excursion and the field trip become an integral part of the course. The 
best kind of teaching in this modern age is the kind that molds and inspires 
the lives of students by worthwhile, stimulating activities inside and out- 
side of the classrdom. 

The content of Doorways to Science is as broad and deep as any text 
in general science. Modern texts would be deplorably lacking were they to 
give less treatment to atomic energy than is found in this work. Neptu- 
nium, plutonium, use of graphite, and absorption of slow neutrons by U-238 
to produce new, unstable elements are all discussed here. For background 
in this unit, the Smyth Report should be “must reading” for all general 
science teachers. FM, radar, Loran, television, jet propulsion, and pen- 
icillin are some of the newer topics treated in this text. Under “Conserva- 
tion and You,” social significance is given to the following six problems: 
How is land wasted and what is being done to protect it?; How are forests 
used, abused, and protected?; How do we use water and how is it con- 
served? Why should we conserve our minerals?; How is our wild life pro- 
tected and conserved?; How is human life conserved? 

Considering content, illustration, motivation, and pedagogical planning, 
the book is as teachable and as stimulating as one could desire. 

SHELDON S. MYERS 
Western State High School 
Western Michigan College 
Kalamazoo, Michigan 


Scrence, A Story or DiscOvERY AND ProcrREss, by Ira C. Davis, Pro- 
fessor in the Teaching of Science, School of Education, University of Wis- 
consin, Head of Department of Science, University High School, and 
Richard W. Sharpe, Formerly Instructor in Science, George Washintgon 
High School, New York City. Cloth. Pages xiii +538. 15 X23.5 cm. 1947. 
vine Holt and Company, Inc., 257 Fourth Avenue, New York, N. Y. 
Price $2.36. 


It is the opinion of the reviewer that a single, best text does not exist for 
general science. Each teacher and school should select the text best suited 
for their philosophy and needs. On the one hand is the teaching style and 
temperament of the teacher; on the other hand are the needs of the boys 
and girls. The best choice of text is one in which these factors are carefully 
weighed. Just as we must not standardize methodology, so we must not 
standardize texts. 

In the case of some teachers and classes, the text by Davis and Sharpe 
may well be the proper choice when the above factors are considered. Al- 
though containing material on such modern developments as atomic 
energy, radar, television, and penicillin, it is essentially an older, formal 
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text with modern additions. The work is abundantly illustrated with a 
total of 403 line diagrams for explanations. These diagrams amply supple- 
ment 167 photographs of inferior quality. 

The Davis and Sharpe book is detailed and comprehensive with rather 
elaborate treatment of such topics as light and sound. The section on light 
resembles that of regular physics, While lacking many of the modern 
motivations and activities, the text will supply dilligent classes with a 
broad and deep background in general science. 

The topics associated with each unit are of the ideal length for teaching 
assignments. Demonstrations, pupil activities, and review questions are 
set apart from the text in smaller type. New words are defined in the text 
along with phonetic spellings. The four to seven topics in each unit are 
arranged in order of difficulty, enabling some differentiation of work ac- 
cording to student ability. 

For ninth grade students, this book should have a stouter binding. 
However, there is always the argument that any book ought to last a 
normal life with proper student care. For many schools of limited budgets, 
the durability of a book becomes an important factor in its choice. Few 
books reaching the market these days have bindings anywhere near ade- 
quate for adolescent exuberance and abandonment. 

SHELDON S. MyYErs 


ATOMICS FOR THE MILLIons, by Dr. Maxwell Leigh Eidinoff, Department 
of Chemistry, Queens College; and Hyman Ruchlis, Lafayette High 
School, Brooklyn, New York. Cloth. Pages xiv +281. 15 23 cm. 1947. 
Whittlesey House, McGraw-Hill Book Company, Inc., New York, N. Y. 
Price $3.50. 


Here is really a book for those who are not physicists or physics students’ 
but many teachers of physics will read it with profit and pleasure. It starts 
far back in the history of science but in a few pages covers the contributions 
of Democritus, Aristotle, Cavendish, Priestly, Proust, Dalton, and others 
who had the early concepts of the atomic structure. The investigations of 
Newton, Rumbord, Davy, Brown, Franklin, Galvani, Volta, and Maxwell 
form the basis of Chapter three. This is followed by the investigations of 
Crookes, Thomson, and Millikan on vacuum tubes; then the work of 
Roentgen, Becquerel, Newton, Huygens, Herschel, Hertz, and Planck on 
the relation of light and electricity. In fifty pages of simple narration and 
explanation the authors have told the story so that anyone may read and 
understand. 

Part II is the Architecture. Here the great names are Madam Curie, 
Rutherford, C. T. R. Wilson and the topic alpha, beta and gamma rays 
and natural radioactivity. Next follows the later work of Rutherford, and 
that of Neils Bohr in working out the atomic pattern, assisted by such men 
as Aston with his mass spectrometer and Richards in his accurate deter- 
mination of atomic weight. Great atom guns come next—Van de Graaff 
with his electrostatic generator, Lawrence and the cyclotron, Kerst and the 
betatron—giant machinery to investigate the smallest of particles. Modern 
alchemy now becomes possible and Einstein explains with E=mc?, but in 
language you can understand. New particles are found: the neutron, the 
deuteron, the positron. Millikan and Compton make separate investiga- 
tions of cosmic rays, and the meson becomes another puzzle. Next is 
artificial radioactivity first accomplished by the Joliot’s in 1934. 

We have now covered half the book and are ready for the great story of 
the release of atomic energy. No attempt will be made to review the next 
eighty pages. You must read the story of the development of the atomic 
bomb and the work of the four major groups of the world’s outstanding 
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scientists and their many assistants at the Argonne Laboratory, the Clin- 
ton Laboratory, at Hanford, and at Alamogordo. Also read the story of the 
first test in the New Mexico desert, the destruction of the cities of Hiro- 
shima and Nagasaki, and the scientific tests at Bikini. 

Part IV tells of the possible uses that may come from the development 
of atomic energy and its control in the world of the future when its destruc- 
tive use has been brought under control of a united world power. Much of 
this is of course largely visionary but it is based on the facts now known 
and the progress of the recent past. 

G. W. W. 


On UNDERSTANDING ScrENCE; AN HIsToRICAL APPROACH, by James B. 
Conant, President of Harvard University. Cloth Pages xiii +145. 13 X 20.5 
cm. 1947. Yale University Press, New Haven, Conn. Price $2.00. 


Is it possible for the college educated man to understand the modern 
scientist without first majoring in science? Here President Conant gives his 
views on a type of science course for all non-science college students show- 
ing how the great advances in science have developed, the errors made by 
some of the great experimenters, and the long time required for a lucky 
guess or a carefully thought out proposition to become established as a 
scientific truth. His plan is different from that of many who have attempted 
to build courses for the general student. He says: “It is therefore to obser- 
vation and experiment and the less spectacular and less known advances in 
the sciences that I would primarily direct attention. More can be learned 
from their study than from the few famous sweeping generalizations which 
in their time gathered up so much of the past and illuminated the future 
so brightly.” 

Two important topics are used by the author to show his plan for this 
study: first, in the seventeenth century, the study of water pumps, and the 
pressure exerted by the air which led to the development of Boyle’s Law; 
second, in the eighteenth century, the study of animal electricity by Gal- 
vani and his followers and the construction of the electric battery by Volta, 
then next the study of combustion leading from Priestly and phlogiston to 
the new concepts of Lavoisier. In this manner the author “outlines a 
method of approach” which skillful teachers may try out. He sees on every 
hand “renewed interest in experimentation with new methods of teaching 
science as part of a general education.” 

G. W. W. 


PREPARATORY BusINESS MATHEMATICS, by Lloyd L. Small, Professor of 
Mathematics, Lehigh University. Cloth. Pages x +244. 14.5 X21.5 cm. 
1947. $2.75. The Ronald Press Company, 15 E 26th St. New York, N. Y. 


According to the author’s preface this book is designed to be used as a 
first course in college mathematics for majors in Business Administration. 
It includes the basic material for all later courses in business mathematics 
and omits some of the traditional college algebra which is of little value to 
the business student. 

The text covers, elementary algebraic operations, linear equations, 
powers and roots, logarithms, arithmetic and geometric progressions, func- 
tions and graphic representation, permutations and combinations. the 
binomial theorem, and probability in about the same manner as they are 
given in a first semester course in college algebra. However more applica- 
tions to business situations are used. The chapter on quadratic equations is 
brief and the problems are not especially applicable to business. Significant 
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digits, relative error and approximate computation are adequately dis- 
cussed. The subject of ratio and proportion is almost omitted. 

Chapter VIII on, “Certain Important Types of Graphs,” gives a very 
good analysis of the standard curves including logarithmic and exponential 
along with tests for them. Calculus as such is not introduced but successive 
differences are used to show relations of variables in first and second degree 
equations. Chapter IX, “Curve Fitting,” is a good explanation of fitting 
raw data to some of the standard curves. The problems of this chapter are 
not as applicable to business situations as they might be. The chapter on 
logarithms is very complete and the applications appropriate. The pattern 
of the text is, a statement of the principle in italics, illustrative examples 
with explanations and then lists of exercises. There are over 650 exercises 
many of them similar to those found in a college algebra. Answers are given, 
the book is well indexed, has 4 place logarithm tables, a table of squares and 
square roots and an American Experience Table of Mortality. 

The book is well written and does place emphasis on the use of mathe- 
matics in business. However I do not feel that the difference between this 
text and a college algebra is very great but no doubt it is a step ahead toa 
closer correlation of principle and application. 

PHILIP PEAK 
Bloomington, Ind. 


PLANE TRIGONOMETRY by Elmer B. Mode, Professor of Mathematics, 
Boston University, Cloth. Pages 200. 14X21 cm. 1947. Prentice-Hall, 
Inc. 70 5th Ave. New York, N. Y. $2.40. 


This text is based on a lithoprinted work formerly used and published by 
the author. It covers the standard material of plane trigonometry but has 
organized it a little differently and gives emphasis to different items as 
will be shown in the following comments. Throughout the text attention is 
called to the use of significant numbers, the part they play in actual prac- 
tice and how they fit into the author’s particular problems. The general 
explanation of approximate computation is given as asupplementary chap- 
ter at the end of the book. It seems to the reviewer this phase of the text is 
very well done. The slide rule and logarithms are also brought in as sup- 
plementary chapters, which leaves the context of the book strictly trigo- 
nometry. Very good use is made of historical material. An excellent ex- 
planation is given concerning the inability to define the tan. 90° and cot 0° 
along with the principle of approaching as @ approaches a limit. 

Chapter V entitled, ‘‘Miscellaneous Topics,” gives brief but good intro- 
ductions to some of the relationships of trigonometry with physical prin- 
ciples of sound, harmonic motion, power series, Fourier series etc. These 
add greatly to the appreciation of the power of trigonometry. Line draw- 
ings and pictorial illustrations are good. Radian measure and mil measure 
are both included but used very little in the text. Chapter IV gives the 
derivation of the reduction formulas as based on reference triangles which 
are congruent. This clarifies the concept a great deal. There are many ver- 
bal problems coming from a number of subjects, located within the chap- 
ter and with sufficient explanation to make the problem meaningful. Tables 
included are: a combination of natural and trigonometric functions, na- 
tural and Briggs logarithms, table of squares, conversion tables and a list 
of useful constants. The tables are four place tables. Answers are given to 
the odd numbered problems and are available for the even. Throughout 
the text the author refers to preceding sections for further meaning and 
clarification thereby aiding in the continunity of the subject. 

Puiuie PEAK 


























NEW APPLIED MATHEMATICS 
Third Edition 


by Lasley & Mudd 


This third edition, by including the most up- 

to-date material, effectively covers all phases of 
mathematics that are practical to students in daily life, regardless 
of future vocations planned or selected. 
_ Copious illustrations and explanatory diagrams and drawings add 
impetus to the author’s deliberate effort to attain a lively, dynamic, 
and in several sections, an almost dramatic presentation of this 
practical subject. 

Useful features are the Vocabulary at the beginning of each chap- 
ter, a Glossary in the appendix, which also includes a section of 
Mathematical Brain Teasers, Useful Tables, and Supplementary 
Practice Exercises, plus the answers to all practice exercises in- 
cluded in the volume. 

Learning the elements of applied arithmetic, algebra, and 
geometry is an easy, enjoyable process for the students using this 
up-to-the-minute text. Teaching from it is a thrilling new experi- 
ence—one that rewards the instructor with the hearty satisfaction 
of piloting the class deftly through a course that might otherwise 
involve untold obstacles. 


Believe If Or Not, Students Find 
This Text Fascinating! 


TODAY’S GEOMETRY—Revised Edition 
Reichgott & Spiller 






Student interest is actually maintained at peak level through a 
novel approach. This text places the study of geometry within the 
realm of his everyday experience. The wealth of photographs, dia- 
grams, and drawings simplify the study of the subject. They demon- 
strate how fascinating as well as practical a clear understanding of 
geometry can be! 

Practice exercises in the body of the text are purposely placed im- 
mediately following the explanation of each topic. Brief summaries 
of the principles are placed strategically to assure complete assimi- 
lation of the material presented before proceeding further. Reveiw 
exercises are provided at the end of each chapter. 

Send for your examination copy of this completely revised edition 
and see for yourself how really fascinating a text can be. 

Your orders for FREE examination copies will receive our im- 
mediate attention. 


PRENTICE-HALL, INC., 76 Fifth Avenue, New York Tl, N.Y. 
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And What a Money-Saving Record It Is! 


At a large eastern college*, the 
head of the chemistry department 
in ordering test tubes formerly 
specified simply ‘‘test tubes.’ The 
chart above shows that his pur- 
chases over nine school years 
(1929 thru 1937) averaged 12 
gross per year. In 1937 he changed 
to PYREX brand test tubes, and 
during these past ten school years 
his purchases of PYREX tubes have 
averaged 3.5 gross per year. There 
has been no change in the labora- 
tory course or laboratory enroll- 
ment. (Service life is increased by 


a ratio of 3.4 to 1! What a real 
saving that is!) 
Like many other users of labora- 
tory glassware, this man has con- 
clusively demonstrated through his 
own records that there’s a great 
economy in purchasing PYREX test 
tubes. When you figure test tube 
costs by the year, the answer is 
obvious—PYREX test tubes offer 
long life, convenience, economy. 
And by reason of their thermal 
endurance, PYREX test tubes pro- 
vide a factor of safety for students. 
*Name and data furnished on request. 








Your laboratory dealer can supply you. 
See our catalog LP-24 and Supplement Ill for 
complete information on sizes and prices. 
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CORNING GLASS WORKS e CORNING, N. Y. 


LABORATORY GLASSWARE 


TECHNICAL PRODUCTS DIVISION: LABORATORY GLASSWARE 
+ OPTICAL GLASS - 


+ GAUGE GLASSES + GLAS 
GLASS COMPONENTS 


Please Mention School Science and Mathematics when answering Advertisements 











